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Response To: MN Dept of Commerce Information Request No, 11

Date Received:  August 1, 2005

Question:

Subject: CON Supplement - Renewable distributed generation (DG) alternative,

1. Strategist Inputs. Please provide all DG technology inputs for the Strategist
model thar were developed by PA Consulting (including assumed technology
capital costs, operating costs, energy production, operating characteristics, capacity
patterns, local load aggregations, emission rates). If possible please submit the
information as a spreadsheert.

2. DG Location. Please provide the rationale for limiting the area of DG to within
the Xcel Energy North service territory.

3. Please clarify whether the DG analysis assumes that specific industrial or
commercial electric loads must be identified as the end user in order to assess the
cost and feasibility of a potential DG technology. If so, please explain.

4. Load Aggregation and DG Analysis. To the extent not provided in requests
above, please provide the complete PA Consulting analysis, ncluding the
processes, assumptions and methods used in all four steps described on page S.56,
For example, please provide detailed information regarding how DG
opportunities were selected and sized based on customer thermal and electrical
load, and how (or whether) customers were aggregated in order to be evaluated as
potential DG sites. Please also describe in detadl hotw PA Consulting screened and
narrowed the list of commercially viable DG technologies assumed for 2010 and
2013 and then matched potential technology applications 1o the customer or load
grouping opportunities, i.e., such as by plant size, fuel restrictions, electrical and

thermal load match.

5. Steam Retrofits. Presumably “steam retrofits® as used in the DG analysis refers to
the addition or modification of a back- pressure or extraction turbine to co-
generate electricity. However, please provide a more detailed description of
“steam retrofits” as used for the DG analysis.



6. Wind accreditation factor. Please explain the basis for a 13.5% accreditation
factor for wind.

Response:

L. File “DOGC 11 Attachment 1.xls” contains the DG technology inputs for the
Strategist model that were developed by PA Consulting, Tab “2010 Inputs
from PA” shows the inputs used for the scenarios in which Monticello was
shut down at the end of its current license. Tab “2013 Inputs from PA” shows
the inputs used for the scenarios in which Monticello was shut down at the
end of 2014.

Because DG units are close to load centers, line losses are not a factor m
transmission from generation to load. In the Strategist model, the energy sales
forecast requirements include the transmission Jine losses that would be seen if
we installed traditional large generation units on the system. The demand
forecast that is included in Strategist is created from the energy forecast, and
thus also includes a transmission line loss factor. The line loss factor that is
included in the energy forecast is approximately 8.1%. The energy loss factor
equates to a demand loss factor of approximately 3.4%. In the DG analysis,
we included a unit in the resource mix that offsets the line losses that would
otherwise have to be fulfilled by the traditional larger units. For each of the
DG scenatios, the offset unit was defined to be 8.1% of the energy that the
DG units produce and 3.4% of the capacity of the DG units. The offset units
do not have any costs associated with them. Each of the mput data sets
include a line tited “Offset Unit” that shows the capacity and energy values
assoctated with that scenario.

The fuel prices used in Strategist for each of the DG units are listed in the tab
“Fuel Strategist”. The file also includes two tabs that show the supply curves
for the renewable and non-renewable DG units.

2. The most commonly used definitions of Distributed Generation include the
concept that distributed generation refers to small, power generating resources
located near the end user on the distribution system. Since Monticello serves
Xcel Energy North customers we assumed Distributed Generation to replace it
would also have to directly offset electricity consumption of Xcel Energy
North customers.

3. The DG analysis looked at current Xcel Energy customer data to determine
the availability of various types and sizes of DG to fit that particular data.
While it is also possible to consider aggreeation of multiple customers for a



single DG application, PA did not perform this type of analysis.

4. Auached is a copy of PA Consulting Group’s final report detailing its sﬁldy
method and results. DG technology screening and commercial viability are

discussed in section 2 and the further technolo

section 3.

5. See PA Consulting Group’s final report, section 3.3.

gy matches are addressed in

6. As stated in our response to Information Request DOG-49 in Docket
EQC2/RP-04-1752:
MA PP accreditation
In the last several years, Xcel Energy has used MAPP accreditation values for
wind of 10 percent and 13.5 percent based on actual performance data. For
this Plan, Xcel Energy chose to use the higher value of. 13.5 percent because
current MAPP accreditation information supports this value. Xcel Energy has
several wind purchases that are accredited with MAPP on a before-the-fact
basis. The accreditation values for the peak month (July) range from 7.5 to
13.6 percent. We chose to accredit the wind in the Strategist model at the high

end of the range, and simplified the number to 13.5 percent. The

accreditation for the peak month of each purchase is listed in the table below.

2003 - 2004 MAPP Accreditation for Wind
Before-the-Fact Accreditation

Mouth of July
Nameplate. Accredited Accredited-
Capacity Capacity Capacity
MW MW % of Nameplate
Buffalo Ridge Phase I . 25 1.865 7.5
Buffalo Ridge Phase II 107.25 10.865 10.1
Buffalo Ridge Phase ITT 103.5 13.105 12.7
Lakota 11.25 1.535 13.6
Shaokatan 11.88 1.58 13.3
Woodstock 10.2 1.11 10.9

Response By:
Title:
Department:
Telephone:
Date:

Lisa Peterson / Elizabeth Engelking
Analyst / Mgr Resource Planning

Resource Planning & Bidding / Resource Planning & Bidding
(612) 330-7681 / (612) 330-7987

August 10, 2005
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1. INTRODUCTION AND SUMMARY

1.1 BACKGROUND

Xcel Energy's (Xcel or the Company) Monticello Nuclear Generating Station is licensed by the
NRC to operate until 2010. Xcel is currently attempting to relicense this facility for an
additional 20 years. In order to continue to operate Monticello beyond 2010, Xcel will require
additional storage space for Spent nuclear fuel. In January 2005, Xcel filed a Certificate of
Need Appiication with the Minnesota Public Utilities Commission (PUC) for an Independent
Spent Fuel Storage Installation (ISFSI) at Monticello.

As part of the Certificate of Need process, the Minnesota PUC will consider afternatives to the
ISFSI, including alternatives that would shut down the Monticello Nuclear Generating Station.
The Company submitted a number of alternatives with its appfication. In reviewing the
completeness of its application, the PUC determined that the Company should also submit an
.Aalternative that would replace Monticello with a combination of demand-side management
and Distributed Generation (DG). Xcel asked PA Consulting Group (PA) to conduct a study of
DG alternatives. This report describes the study and iis resuits. '

1.2 ©  DEFINITION OF DISTRIBUTED GENERATION

For purposes of this study, the working definition of distributed generation is generation with a
capacity between 100 kW and 10 MW located within the electric distribution system at or near
the end user,

Other definitions of DG from well-known organizations include:

*  Underwriter Laboratories: “Distributed Generation (DG} is the implementation of
various power generating resources, near the site of need, either for reducing
reliance on, or for feeding power directly into the grid.”

* California Energy Commission: “Distributed energy resources (DER) are parallel
and stand-alone electric generation units located within the electric distribution
system at or near the end user.”

e U.S. DOE: "Distributed generation — small, modular electricity generators sited close
to the customer load — can enable utilities to defer or eliminate costly investments in
transmission and distribution (T&D) system upgrades and provide customers with
better quality, more reliable energy supplies and a cleaner environment.”

! http://www.ul.com/dae/.

% http//www.energy.ca.gov/distgent.

3 http./Awww. eere.energy.gov/EE/power distributed generation.html.

1-1
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1. Introduction and summary...

s Consumer Energy Council of America: “Distributed generation is a system
composed of generation focated near the energy consumer's site that may be highty
integrated with the electric grid to provide multiple benefits on both sides of the utility
meter.™

* Oregon Public Utility Commission: “Distributed generation produces electricity at
or near the place where it is used.”

1.3 OBJECTIVE AND SCOPE OF STUDY

The objective of the study was to identify the DG technology or technoiogies that could be
instalied in the Xcel North service territory, as shown in Figure 1-1, and are most fikely to be
able to cost-effectively reptace 579 MW of capacity associated with baseload type energy
(85% capacity factor or greater). Xcel requested that PA examine DG's potential under

fwo scenarios:

* Immediate shutdown. The DG capacity would need to be on-line to replace
Monticello as of a plant shut down on May 1, 2010.

* Deferral with peaking. Xcel Energy would construct combustion turbines to bridge a
gap until the DG capacity could be implemented no later than May 1, 2013.

Xcel also requested that for each period, in addition to a least-cost portiolio of technologies,
that PA identify a least-cost renewable portfolio.

Figure 1-1
Xcel North Service Territory

Xcel
North

Dakota

* http//www.cecarf.org/Programs/DG/DGFacts. htrml.

* Oregon Public Utility Commission. “Distributed Generation in Oregon: Overview, Regulatory Barriers
and Recommendations.” February 2005,

1-2
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1. Infroduction and summary... m

For each portfolio, Xcel requested a set of DG technology inputs for their utility planning
model, Strategist. These inputs consisted of initial capital costs, annual operating costs,
annual energy production, seasonal capacity patterns and emission rates. Xcei also asked
that PA consider that the technologies be “‘community-based.” However, following discussions
with Xcel it was unclear as io the precise meaning of the phrase “community-based” and,
importantly, how it would be applied to this study. Consequently, PA did not include
consideration of this concept in the analysis.

1.4 STUDY ASSUMPTIONS
The following assumptions are integral to the analysis.
1.4.1 DG ownership

PA assumed that Xcel, as opposed 1o the customer, would install, own and maintain the
equipment. The costs associated with the technologies represent the total capital costs and
the fixed and variable operating costs.

1.4.2 Avoided T&D costs

DG technologies can have additional value if they allow a utility to avoid expendiiures on
transmission andjor distribution {T&D). Xcel believes based on its previous study of this issue
that there is little or no opportunity for such T&D cost avoidance. Consequently, PA did not
consider avoided T&D costs in its analysis.

1.4.3 Emission cosis

PA identified the emission rates associated with each technolegy and included the emission
rates in the planning mode! inputs provided to Xcel. While PA included the capital cost
associated with current and anticipated emissions reduction technology, PA did not include
the costs associated with-emission allowances in-our costscreening, as-that is being
addressed in Xcel's system-wide modeling.

1.4.4 Size of DG units

PA assumed that DG systems would be sized in proportion to the customers’ site needs, in
terms of electricity and (for combined heat and power [CHP]) thermal load. PA assumed the
sizes would be restricted to the 10 kW to 10 MW range.

1.4.5 T&D losses

Projecied DG instaliations are assumed to occur ai the Company’s distribuiion ievel. Line
losses, therefore, were not an element of consideration for PA.

1.4.6 Capacity factors

PA assumed all dispatchable fossil-fuel DG technologies would operate at an 85% capacity
factor, consistent with base load generation. Biomass-based DG technologies were assumed

1-3
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1. Introduction and summary...

to have an 80% load factor.® Non-dispaichable technologies, i.e., wind, were assumed to
operate as much as possible (which translaied into a 20% load factor, consistent with a -
class 3 wind environment found in most of the southeastern state of Minnesota, and a
capacity credit contribution of 13.5% of total wind capacity).

1.5 OVERVIEW OF APPROACH
The analysis involved the following steps:

* technology identification, characterization, screening
¢ target area profiling

* DG technology and customer application matching

* development of recommended portfolios.

1.5.1  Technology identification, characterization, screening

FA identified a broad slate of DG technologies including: fow head hydro, geothermal, solar,
concentrated solar, wind, reciprocating enginss, combustion turbines, Stirfing engines, fual
cells (four types), microturbines, steam turbines and landfill gas applications. PA then
narrowed the list of potential technologies, as described in Section 2.1, to those that were
deemed reasonably commercially viabie within Xcel’s service territory by May 1, 2010 or
May 1, 2013. For each of these viable technologies, PA compiled data on capital costs,
operating costs and operating characteristics.

1.5.2 Target area profiling

PA sclicited data from Xcel to aliow it to identify, by SIC code, aggregate customer site and
load information. PA parsed the customer data inio five major load categories {i.e., 100 kW to
500 kKW; 501 kW to 1,000 kW; 1,001 kW to 2,500 kW; 2,501 kW to 5,000 kW; and 5,001 kW
to 10,000 kW) by customer application,

1.5.3 DG technology and customer application matching

PA proceeded to match potential DG applications to customer applications (CHP or power
only) and load groupings. PA then calculated a levelized cost for each relevant technology
application o a custormner grouping. The result of this process was a list of feasibie
technologies and applications, each with a calcuiated levelized energy cost.

1.5.4 Develop recommended portiolios

Using the customer data and the iechiniclogy data, PA then construcied two recommended
portfolios for each of the respective study periods (i.e., 2010 and 2013). For each period, one
portfolio consists of the least-cost options, regardless of fuel type, the other consists of the
least-cost renewable options. The cost criterion for selection was the levelized energy cost

® From Power Technologies 2003 Data Book, by the National Renewable Energy Laboratory (NREL),
in Exhibit 12.1 (titled Renewable Energy Impacts Calculation). Web reference:
http://analvsis.nrei.qov/databook/tables.aso?chapter:S&table=43.

1-4
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1. Introduction and summary...

which factored in the cost and technical performance factors of each viable DG technology
according to the size, type, on-site thermal and electricity needs of each DG application. -

1.6 RESULTS

The amourt of capacity represenied by technology type and size (e.g., steam turbine retrofits
in the 5.0 — 10.0 MW range, or wind turbines in the 2.5 t0 5.0 MW range) in each of set of
portfolios (both Least Cost and Renewable) refiects the cost characteristics of the technology
and the load characteristics of the customers. That is, in each size category, as much
capacity of the relevant technology was added as analysis suggested that annual customer
energy usage — as opposed to peak demand — in that category would support.

For example, the least-cost technology in both 2010 and 2013 is steam turbine retrofits of

S to 10 MW in capacity. The suggested amount of capacity to be added in that category
{i.e.. 3.5 MW) reflects both customer load factor — or annual energy use - and the limited
number of sites in the service territory in which excess steam is available to be converted to
electricity using an appropriately sized retrofit. Similar logic applies in the other Least-Cost
portfolio categories.

In terms of the Renewable portfolios, the same logic was applied. Customer type and demand
characteristics were examined to identify which technologies or combination of technoiogies
(e.g., wind, micro-turbine/biomass) to use, and the size of the instaliation where appropriate
given the customer profile. In each case, as much as possible of the cheapest renewable
technology was applied. It should also be noted that in the case of wind, the capacity
accreditation column shown in Table 1-2, below, represents the portion of the total amount of
installed wind capacity that is “aceredited” for planning purposes. The analysis assumed an
accreditation factor of 13.5%. For example, in the case of the 2010 Renewable portfolio,

0.5 MW of wind in the 2.5 to 5.0 MW range are accredited, which would represent a
namepifate installation of 3.6 MW (3.6 MW x 13.5% = 0.5 MW). Also, as previously noted, the
analysis assumed installations at or near the load, replacing existing customer supply.
Consequently, it did. not assume-any. new, large-scale wind farms located remote from load
centers.

1.6.1 Least-cost portfolio

The Least-Cost portfolios in both 2010 and 2013 consist entirely of natural gas-fired
technologies, including steam turbines retrofit to existing industrial processes, and
reciprocating engines. The levalized cost forthese technologies is between 4.6 and

5.7 cents/kitowatt hour (kWh) in 2010, with slightly lower prices in 2013 due to anticipated
technological improvernents, lower capital costs and lower fue! costs. Table 1-1 sumrmarizes
the technologies that provide the least-cost 579 MW of capacity.”

" In both periods, the total amount of DG Preposed to be added is in excess of the needed 579 MW,
That is because the DG applications are added in “blocks™ of capacity as opposed to single megawatts.

1-5
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1. Introduction and summary...

Steam Turbines/Retro CHP 5.0-10.0 Natura! Gas 0.046 3.5
Steam Turbines/Reiro CHP 2.5-5.0 Natural Gas 0.047 1.5
Reciprocating Engines CHP 5.0-10.0 Natural Gas 0.051 128.3
Steam Turbines/Retro CHP 1.0-2.5 Natural Gas 0.052 5.0
Reciprocating Engines CHP 2.5-5.0 Natural Gas 0.053 i18.2
Reciprocating Engines CHP 1.0-2.5 Natural Gas 0.054 94.5
Reciprocating Engines CHP 0.5-1.0 Natural Gas 0.0586 - 228.1

Reciprocating £ngines

Natural Gas

2013
Steam Turbines/Retro CHP 5.0-10.0 Natural Gas 0.045 36
Sieam Turbines/Retro CHP 2.5-5.0 Natural Gas 0.048 1.6
Reciprocating Engines CHP 5.0-10.0 Naturai Gas 0.048 145.4
Reciprocating Engines CHP 2.5-5.0 Natural Gas 0.050 129.1
Steam Turbines/Retro CHP 1.0-2.5 Natural Gas 0.050 53
Reciprocating-Engines CHP 1:0-2:5 Natural Gas 0:051 105.1
Natural Gas 0.052 251.8

Reciprocating Engines

1-6
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1.6.2

1. Infroduction and summary...

Renewable portfolio

PA was not able to identify sufficient renewable DG technologies to offset Monticello's

capacily. As shown in Table 1-2, PA identified ren
and 38 MW in 2013 that met our criteria. As with the L
portiolio reflects customer site characteristics.
but they are limited to sites with available land

the generation capacity.

ewable DG totaling only 21 MW in 2010
east-Cost porifoiio, the Renewable

Wind turbines are the least cost technology,
, @ reasonable amount of wind, load matching

2010
Wind Turbines Power Only 2.5-5.0 Wing 0.068 0.5
Steam Turbines/New Power Only 2.5-5.0 Biomass 0.070 3.9
{wood wasie)
Wind Turbines Power Only 1.0-25 Wind 0.077 11
MT/Biogasifiers Pawer Only 0.1-0.5 Biomass 0.082 108
(ag waste)
Wind Turbines Power Only 0.5-1.0 Wind 0.088 1.5
Wind Turbines Power Only 0.1-0.5 Wind 3.0

2013

Wind Turbines

Wind Turbines Power Only 2.5-5.0 Wind 0.065 0.5
Steam Turbines/New Power Only 2.5-5.0 Biomass 0.070 4.1
{wood waste}
MT/Biogasifiers Power Only i.0-25 Biomass 0.070 7.0
{ag waste)
MT/Biogasifiers Power Only 0.5-1.0 Biomass 0.071 a3
(ag waste)
Wind Turbines Power Only 1.0-2.8 Wind 0.073 1.1
MT/Bicgasifiers Power Only 0.1-0.5 Biomass 0.075 114
(ag waste)
Wing Turbines Power Onty 0.5-1.0 Wind 0.080 1.6
Power Only Wind 341
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2. DG TECHNOLOGY CHARACTERIZATION

This chapter describes the general study process employed by PA o select particular DG
technologies for detailed consideration, and how those technologies were characterized. In
sum, PA first identified potential technologies, compiled a list of relevant cost and
performance factors, then estimated the cost of fuel 1o drive the technologies. Using those
inputs, PA then estimated levelized energy costs.

2.1 SLATE OF TECHNOLOGIES CONSIDERED

PA identified a broad slate of potential DG technologies, renewable fuels and applications
that merited at least initial consideration in the study, including: low head hydro, geothermal,
solar, concentrated solar, wind, reciprocating engines, combustion turbines, Stirling engines,
fuel cells (four types), microturbines, steam turbines and landfill gas applications. A
description of technologies is provided in Appendix A.

PA narrowed the fist of technologies to those that were desmed reasonably commercially
viable within Xcel's service territory. The elimination criteria included fuel availability, capacity
{i.e., sized between 100 kW to 10 MW), and/or commercial maturity (i.e., cost and production
capability). For example, particular technologies (e.g., 0.1 — 0.5 MW combustion turbines and
5-10 MW microturbines) were eliminated because PA believes that they are unlikely to
become commercially viable in the farget timeframe. The result was a qualified list of
technologies, fuels and appiications that are, or are likely to be, viable for instaflation by Xcel
in 2010 or 2013, Table 3-1 provides a summary of the considerations.

hnologies nsideration G2
Reciprocating engines Mature and commercially viable v
Combustion turbines Mature and commercially viable v
Steam turbines Mature and commercially viable v
Photeovoltaic cells High cast. and lack of sofar concentration
Concentrated solar High cost and tack of solar concentration
Micro turbines Mature and commercially viable : v
Stirling engines Below minimum size
Fuel celis Maturing toward economic viabilit v

Geothermal

insuificient natural resource
Landfill gas insufficient incremental resource base
Biodiesel Maturing v
Biomags Agricultural waste and wood based v
Low-head hydro Insufficient incremental resource base
Wind Maturing toward economic viabilit v

Combined heat & power Mature and commercialiy viable

] v

* "Evaluated” refers o whether lavelized energy cost analytics were performed.

2-1
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2. DG ftechnology characterization. ..

2.2 TECHNOLOGY COST AND PERFORMANCE FACTORS

To estimate the levelized cost for sach technology and thereby identify the least cost
technology combinations, estimates of the following factors were developed/identified:

capital cost

O&M cost

appropriate fuel type

heat rate (heat input divided by electricity output
electricity-to-thermal (E/T) energy output ratio for GHP applications.

e

For capital and O&M costs, PA extrapolated Department of Energy (DOE) data and forecasts
to arrive at costs for both 2010 and 2013.% These costs were in turn adjusted to refiect 2004
real doliars, as were all values, to make them compatible with other inputs in Xcel's Strategist
capacity planning model. Detailed tables showing the performance characteristics are
presented in Appendix B.

23 - FUEL PRICE CHARACTERIZATION
To estimate fuel costs, PA performed the following for each noted fuel type:

* natural gas - combined Xcel's May 2005 wholesale natural gas price forecast with a
transport adjustment, also provided by Xcel, and adjusted to 2004 doliars

* diesel (#2 oil) - combined Xcel's latest wholesale #2 diesel price forecast with a
transport and distribution adjustment, also provided by Xcel, and adjusted ta 2004
dollars

* biodiesel - calculated the average price differential between Midwest #2 diesel and
biodiesef® (found to be 2.4% from 2002 to 2005) and applied to the ali-in diesel
{(#2 ail) fusl price

* agricultural waste ~ PA estimated an on-site cost for 2005, escalating at 1% per
year in real terms, based on:

— assumed agricultural waste prices for agricultural crop residues (e.g., wheat straw
and corn stover) and so-called energy crops (such as hybrid poplar, hybrid willow
and switchgrass)

® “Gas Fired Distributed Energy Resource Technology Characterizations,” Gas Research Institute
(GRI) anc Nationa! Renewable Energy Laboratory (NREL} ~ US Department of Energy, November
2003; “Power Technologies Data Book," National Renswable Energy Laboratory (NREL) — US
Department of Energy, 2003 Edition.

® Differential derived by PA based on data reported in the Alternative Fusls Price Repart from April to
March 2002 to 2005 (US Department of Energy, Energy Efficiency and Renewable Energy),
http://www.eere.enerc:v.c:ov/afdclresources/oricereport/orice report.himl.
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2. DG technology characterization. ..

— agricultural waste prices averaging $19 ($2004) per dry ton — equivalent to $1.10
per mmBtu)* . :

— transportation costs averaging $0.91 psr mmBtu ($2004) for distances of less
than 50 miles and relatively smalf size Ioads, given the size of the gasifier
applications being considsred.”

The result is a delivered agricultural waste price of $2.00/mmBtu for 2005 ($2004) equivalent
to $34.5/dry ton. This estimate is consistent with the range of delivered prices estimated by
Oak Ridge National Laboratory.’?

* wood waste ~ PA used an estimate of $10/wet ton eguivalent to $18.5/dry ton,
based on a 54% wet/dry factor.™ This is consistent with a $1.07/mmBtu ($2004) price
for sawmill residues.™

For use in steam turbine DG applications, PA assumed a 50/50 mix of wood waste and wood
fuel. The cost of wood fuel was estimated at $45 per dry ton to reflect a potential range
between $40/ton and $50/ton. The result is a weighted fuel cost of $1.78/mmBtu or the
equivalent of $31.8/dry ton for the composite fuel feedstock. PA added to that commodity cost
an average current fransportation cost of $0.91/mmBtu for distances of less than 50 miles.
The result is a delivered price of $2.70/mmBtu ($2004) for steam-turbine-based DG
applications. PA also factored potential projected increases in transportation costs (labor and
fuel).

Appendix C provides price forecasts of natural gas and #2 oll.

' Ratio referenced in DOE's study: “Biomass for Electricity Generation" by Zia Hag. Work done by EIA
as part of its National Energy Modeling System {NEMS) analyses. Web reference:
httn://www.eia.doe.aov/oiaf/analvsisDaDer/biomass/index.html.

" Ibid. The EIA's data used in DOE's NEMS studies show transportation costs for switchgrass — the
most likely agricultural waste component — up to $0.87/mmBtu in $2002. We selacted the high end
estimate to reflect the small quantities needed by the small gasifiers {less than 750 kw)

* Oak Ridge National Laboratories. A National Asssssment of Promising Areas for Switchgrass,
Hybrid Poplar or Willow Energy Crop. ORNL-6944. Web ref:
mg://bioenerqv.orni.qov/:eoorts/c:raham/lakestates.htrnl.

'* DOE's study: “Biomass for Electricity Generation” by Zia Haq. Work done by EIA as part of its
Nationa! Energy Modeling System {(NEMS) analyses. Web reference:
mp://www.eia.doe.qov/oiaf/analvsisoaoer/biomass/index.htm!.

" A study by the Washington State University Cooperative Extension Energy Program showed an
average of $2.5/mmBliu for the price of smali wood waste residues used in commercial space heating
applications. Web reference: http//www.energy. wsu.edu/ftp-ep/pubs/renewables.
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3. DEVELOPMENT OF RECOMMENDED PORTFOLIOS

A

This chapter describes how PA developed the recommended portfolios for both least cost and
least-cost renewable-based DG installations in Xcel's North service area. Whenever
appropriate, PA considered both power-only and CHP DG applications.

PA's focus was on DG applications refated to customer sites with peak ioads greater than
100 kW but less than 10,000 kW. To characterize that target customer base, PA based its
analysis on a customer segmentation matrix provided by Xcei.

The analysis s, in farge part, statistical in nature, since PA relied on the statistical customer
consumption and load factor profile provided by Xcel. PA did not addrass other customer or
site-specific data, both of which can affect the size of the actual DG potential, as discussed at
ithe end of this chapter.

The remainder of the chapter describes how PA:

characterized the target customer base

calculated Levelized Energy Costs {LECs)

estimated the potential for fossii-fuel DG (power-only and CHP)
estimated the potential for renewable-based DG

developed the recommended portiolios.

3.1 TARGET CUSTOMER BASE

The Xcel target customer base was segmented by site peak demand, in five peak demand
size categories:

between 100 and 500 kW

between 501-kW and 1,000 kW
between 1,0001 kW and 2,500 kW
batween 2,501 kW and 5,000 kW
between 5,0001 kW and 10,000 kw.

* 3 o o 3

These customer base size categories were chosen consistent with the categorization of the
various DG technologies’ technical and cost performance characteristics, previously
described.

The customer data showed a total of 11,965 sites with an annual consumption of

16,458 GWh for the 100-10,000 kW customer peak range, broken down as shown in

Table 3-1. The overall load factor for the entire customer popuiation on sites with peak ioad
below 10 MW is 36.7%. The load factor distribution curve is shown in Figure 3-1.
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3. Development of recornmended portfolios. .. m

Customer Annual % of
Peak Range Number - Consumption Total Power
(kw) of Sites (GWh) Consumption
100-500 9,851 6,411 39.0
501-1,000 1,300 3,371 16.2
1,001-2,500 511 2,668 12.2
2,501-5,000 201 2,001 12.2
5,001-10,000 102 2,008 205

Figure 3-1
Load Factor Distribution Curve for Target Customer Base
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3. Development of recommended portfolios. ..

The target customer base information was further segmented by standard industrial
classification (SIC) code.”™ The SIC codes were used to allow for targeting of DG applications
to customer segments. This segmentation inciuded agricultural, manufacturing, commercial
and institutional applications.’®

3.2 CALCULATION OF LEVELIZED ENERGY COST

Cost screening provided a basis for selecting the most cost-effective technologies from
among the possible combinations of DG technologies, application size, customer application,
and fuel used. The economics of each commercially viable combination were evatuated for
each technelogy combination (technology, application, size and fuel). In total PA assessed
the levelized energy cost of 90 technology combinaiions. Considerations in these
combinations include:

* technologies - reciprocating engines, combustion turbines, microturbines,
microturbines with gasifiers, fuel cells (multiple individual types), wind turbines and
steam turbines

e applications — power only or in CHP

* size—five distinct size ranges between 100 kW and 10 MW

* fuels— naiural gas, fuel oil (#2 diesel), biodiesel, agricultural waste and wood waste

PA caiculated LECs based on the formula below:

Levelized Energy Cost = Levelized Gapital Cost (LCC)/(total electricity generated)
Where;
LGC = Capital Cost * Capital Cost Recovery (CCR) factor + Annual O&M + Fuel Cost
CCR = r/(1-(1+™ |
and where:

r = Xcel's Weighted Average Cost of Capital (WACC), which is 7.26%
n = asset life (20 years)

LEC represents the entire cost of ownership across the life of an asset, including capital
expenditures, operations and maintenance, and fuel on a per unit of generatioh basis. In
other words, it represents the time-weighted average cost to produce electricity over the
projected life of the asset.

The technologies, performance factors and LEG resulis are presented in Appendix B.

*® Using the 1987 SIC code classification, which is the customer classification used by Xcel.

*® One SIG code (99) refiected unspecified business activities (with 2,209 sites and about 16% of the
total target consumption load).
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3.3 TECHNICAL POTENTIAL FOR FOSSIL-FUEL DG APPLICATIONS
PA assessed the potential of both pawer only and CHP applications.
3.3.1  Power-only fossil fuel applications

To assess the technical potential for fossil fuel-based power-only DG applications, PA
proceeded in two steps. First, PA characterized the equivalent baseloaded power-only DG
capacity that could be installed in each SIC code/size application segment (e.g., SIC 2653
and peak load between 1,001 kW and 2,500 KW). To do so, PA divided the annual
consumption in each SIC code/size segment by the number of hours in the year (8,760) and
expressed the result in MW of equivalent baseload DG capacity that, if it were instalted on all
ihe sites that make up that segment, would deliver the same amount of electricity over the
year.

Next, PA screened the target customer universe 1o select those power-only DG applications
with a high load factor since a high load factor increases the cost-efficiency of the DG
installation {i.e., a greater Joad factor means more energy generated, which means a greater
base of kWh over which to spread the costs). To that end, PA developed a load factor
distribution curve for the entire target universe and determined that applications with load
factors at 46% or above would yield a technical DG potential of approximately 600 MW by
2010." PA used that threshold to characterize the target technical potential for DG-only
power applications,

The result was a total power-only DG technical potential of 602 MW for 2010, segmented as
shown in Table 3-2.

Customer % of

Peak Range Number DG Capacity Total Power-

(kW) of Sites (Mw) Only Potential
100-500 878 113 18.8
501-1,000 525 218 36.2
1,001-2,500 178 149 24.8
2,501-5,000 31 60 10.0

5,001-10,000 14 61

"7 Per Xcel data, PA assumed load increased by 10% by the year 2010. PA assumed a 5% increase
between 2010 and 2013,
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3.3.2 CHP fossil-fuel applications

To assess the technical potential for fossil fuel-based CHP DG applications required four
steps.

First, PA screened the SIC code applications which have historicaly proven to be CHP-
friendly. Although all manufacturing SIC codes were retained in that first step, several
commercial or institutional applications were screened out. This allowed for focus on SIC
applications with better potential such as hospitals, universities, educational institutions,
nursing homes, shopping malls, large retail stores and office buildings."®

The result was a CHP target subset market that accounted for an annual consumption of
8,126 GWh or about half of the total power consumption in the original customer target
universe.

The power load associated with potential CHP DG sites was also more evenly distributed, as
shown in Table 3-3.

Customer | Annuai % of
Peak Range Consumption Total Power
(kW) Number of Sites (GWh) Consumption
100-500 3,152 2,293 28.2
501-1,000 747 2,071 25.5
1,001-2,500 271 1,408 17.3
2.501-5,000 116 1,145 14.1
5,001-10,000 58 1,209 i4.9

Second, PA estimated the technical potential for the amount of CHP DG capacity that could
be installed in the target subset market, assuming that all these applications are sized to meet
the on-site base thermal load. To estimate the base thermal load in each CHP SIC-size
segment, PA divided the estimated power-only base load capacity of that segment by the
segment’s estimated E/T ratio. Essentially, the application of an E/T ratio to a segment's

'8 See for example the May 2003 report by Energy & Environmental Analysis (EEA) titled Marker
Potential for Advanced Thermally Activated BCHP in Five National Account Sectors; prepared for Oak
Ridge National Laboratory. That report provides useful assessments regarding best CHP applications
in buildings. We also consulted the On-Site-Sycom January 2000 report tiled The Market and
Technical Potential for Combined Hear and Power in the Commercial/institutional Secior; prepared for
the US DOE’s Energy fnformation Administration.
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electric energy use resuits in an amount of energy from that segment that one might
reasonably conclude could be associated with or dedicated to thermal usage.

Using E/T ratios to estimate the size of CHP market potentials is a typical practice used in
many market assessments conducted for the DOE, national laboratories {e.g., NREL),
regional or state energy offices (e.q., Pacific Northwest region), or utilities.

Estimates of E/T ratios were assigned for each SIC code (as applicable) based on various
data sources. First, for indusirial manufacturing SIC codes, PA relied in large part on data
from a major US DOE effort conducted by the Drexel University, titled “Energy Analysis of
108 Industrial Processes.”® Second, for some industrial SICs and processes, PA relied on
complementary information from two reports prepared for the DOE.® -

PA also used E/T ratio data from a study conducted by Energy International Inc and Energy &
Environmental Analysis Inc.*’ That study included E/T ratios for both industrial and major
types of commercial and institutional (C&1) applications. Finally, PA supplemented and
adjusted these various data points, as needed, based on its own DG market assessment
experience.

The result was an estimate of 809 MW thermal (MWth) of current potential DG CHP capacity
that could be installed if all these CHP systermns were all sized to meet estimated on-site
thermal energy baseload needs, as shown in Table 3-4.

Customer
Peak Range Capacity
(kwWn {MWth)
100-500 151
501-1,000 236
1,001-2,500 153
2,501-5,000 110
5,001-10,000 159

*® Drexel University. US DOE contract E(1 1-1)2862.

% Opportunities for Micropower and Fuel Cell/Gas Turbine Hybrid Systems in Industrial Appiications,
Subcontract 85X-TAG09V. January 2000; and Assessment of On-Site Power Opportunities in the
Industrial Sector, Contract No. 85X-TAQ08V, prepared by Onsite Energy Corporation, March 2001.

¥ Technical Market Potential for CHP in the Pacific Northwest. Energy International report
No. 02-1101-BR0023.
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Third, PA estimated the share of the potential thermal joad that technically could be served by
the five candidate GHP DG technologies, including: :

* steam turbine retrofit (ST-retro) technology: essentially, applying a steam turbins to
the back end of an existing boiler{s) that is already producing steam), and which is
characterized by a fow E/T ratio (~ 0.1)

* other non ST-retro technologies include reciprocating engines, gas turbines,
microturbines and fuel cefls, with high E/T ratios {0.55 and above and up to 2.05 for
fuel cells).

PA estimated the potential for ST-retro DG technology by screering for CHP applications that
met three tests designed to point to potentially attractive ST-retro installations:

. *» the application’s baseload power needs were the equivalent of at least 500 kW of
baseload capacity, since ST-retro applications in sizes below 500 KW do not
generally make economic sense

¢ ihe application's E/T ratio was below 1 (i.e., low enough that it could efficiently
accommodate the fow E/T ratio of a ST-retro technology

« the application’s load factors were 30% or higher (to ensure sufiicient use).
Based on the approach, as described, the result was a limiteg ST-retro potential of 100 MWth

across the customer base. Given the low E/T ratio (0.1) of ST-retro technologies, this results
in ST-retro electric potential of only 10 MW, as shown in Table 3-5.

Customer ST-Retro T
Peak Range Potential Capacity
(kW) (MW)
10C-500 NA
501-1,000 NA
1,001-2,500 5.0
2,501-5,000 1.5
5,001-10,000 3.5

Finally, PA estimated the share of the remaining {(non-ST-retro} DG CHP potential that could
be served by all four remaining DG fechnology options: reciprocating engines, gas turbines,
micro-turbines and fuel cells. To do so, PA assumed that ali these systems would be sized to
meet the site’s baseload thermal load, provided that the installed capacity did not exceed
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80% of the sites’ estimated peak load.” This way, all the CHP systems were reasonably
sized (in proportion to the site’s needs). :

The resulting CHP potential in 2010 is presented in Table 3-8.

100-500 157 119 NA 201 267
501-1,000 260 228 148 312 441
1,001-2,500 85 85 53 102 170
2,501-5,000 98 1186 87 NA 195
5,001-10,000

The same approach was used 1o characterize the 2013 DG CHP technical potential, using a
5% load-growth factor between 2010 and 2013,

3.4 TECHNICAL POTENTIAL FOR RENEWABLE-BASED DG APPLICATIONS

As shown in Table 2-1, PA focused our analysis on two potential renewable technoiogy
applications®:

e wind
» biomass-based applications on farms and in the wood industry

In the case of wind, PA focused on farm applications. This-included crop-preducing farms
(producing wheat, corn and soybeans); vegetable farms; beef cattle farms; dairy farms; and
forest nurseries. Customer stratification resulted in 147 sites in the relevant peak load range,
but with a combined current annual load of only 79 GWh.

# In other words, we calculated, for each SIC code/size segment, the CHP DG potential in that
segrment as the minimum of a) the segment's thermal baseload sized capacity, or b) 80% of the
segment peak load.

® We also considered landfil gas recovery applications but we could not identify incremeantal candidate
sites available (there are currently five sites aquipped with such systems in Xcel's service area with
approximately 25 MW of installed capacity).
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Next, PA estimated the DG capacity potential associated with the deployment of wind
iurbines on sach farm site, assuming that each wind turbine was sized to meet the farm’s
peak load.?

PA developed a size distribution of peak load requirements across the sites by estimating the
peak load requirement for each farm segment. This gave us a wind turbine potential estimate
of 44.7 MW for sites with peak loads between 100 KW and 10 MW, as shown in Tabie 3-7 for
2010.

100-500 123 21.9
501-1,000 17 11.4
1,001-2,500 6 7.9
2,501-5,000 1 3.6
5,001-10,000 0 0.0

PA then estimated the technical potential for biomass-based applications on both farms and
in the woed industry. The data indicated 127 wood industry sites with a total annual load of

179 GWh. This analysis covered both the lower and higher ends of the customer peak load

siZ8 Spactnim:

* onthe lower end, PA estimated the potential for microturbine {MT)/gasifier-based
systems up to 750 kW fueled by small gasifiers to serve applications with peak loads
up to 2.5 MW. The gasifiers would use agriculiure waste.

° on the higher end, PA projected the potential for steam-turbine boiler-based systems
in larger wood industry applications (with peak loads above 2.5 MW). The boilers
were assumed to burn wood waste from the site itself or from nearby feedstock
locations.

In both cases, the applications were considered as power-only DG applications.® For the
purpose of this analysis, PA assumed all the sysiems were sized to meet the-on-site
baseload power need. .

# These wind turbines are assumed to operate in a Class 3 wind environment, Web reference:
www.nrel.gov/winds/ndfs/ri 1minneapolis.pdf

# This way, we avoided double counting with our estimates of the CHP DG potential.
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The results of the analysis indicated total biomass-based DG potential for 2010 estimated at
29.2 MW, as shown in Table 3-8: )

Sub-Market MT-gasifier/Biomass {ag waste) Steam Turbine/Wood Waste
MT- Steam Turbine
Customer gasifier/Biomass Wood Waste
Peak Range Number of (Ag Waste) Number of Potential
(kw) Sites Potential (MW) Sites (MwW)

100-500 223 10.6 NA NA
501-1,000 32 8.0 NA NA
1,001-2,500 14 6.7 NA NA
2,501-5,000 NA NA 3 3.9
5,001-10,000 NA NA 0 0.0

It should be noted that with regard to the wood industry, the number of candidate steam
turbine (i.e., three) sites is so small that site-specific data becomes crucial to develop highly
accurate estimates of potential DG installation.

3.5 DEVELOPMENT OF PORTFOLIOS

Once the technical potential of DG was estimated as described above, PA then sorted the
technologies by LEC to determine the technologies that provided 579 MW at the least cost.
These technologies are presented in Table 3-9. Since the quantity of renewable technologies
avaflable was less than 579 MW, PA included them all, as shown in Table 3-10.
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Steam Turbines/Retro CHP 5.0-10.0 Natural Gas 0.046 3.5
Steam Turbines/Retro CHP 2550 Natural Gas 0.047 1.5
Reciprocating Engines CHP 5.0-10.0 Natural Gas 0.051 128.3
Steamn Turbines/Retro CHP 1.0-2.5 Natural Gas 0.052 5.0
Recibrocating Engines CHP 2550 Natural Gas 0.053 1186.2
Reciprocating Engines CHP 1.0-2.5 Natural Gas 0.054 94.5
Reciprocating Engines CHP 0.5-1.0 Natural Gas | 0.056 228.%
Reciprocating Engines Natural Gas 119.4

2013

Steam Turbines/Retro CHP 5.0-10.0 Natural Gas 0.045 38
Steam Turbines/Reiro CHP 2.5-5.0 Natural Gas 0.046 1.6
Reciprocating Engines CHP 5.0-10.0 Natural Gas 0.048 i45.4
Reciproceting Enginas CHP 2.5-5.0 Natural Gas 0.050 129.1
Steam Turbines/Retra CHP 1.0-2.5 Naturai Gas 0.050 5.3
- Reciprocating Engines GHP 1.0-2.5 Natural-Gas 0:051 105:1
Reciprocating Engines 0.5-1.0 Natural Gas 0.052 251.8
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Wind Turbines Fower Only 2.5-5.0 Wind 0.088 0.5
Steam Turbines/New Powar Only 2.5-5.0 Biomass 0.070 3.9
(wood waste)
Wind Turbines Power Onty 1.0-2.5 Wind 0.077 1.1
MT/Biogasifiers Power Only 0.1-0.5 Biomass 0.082 10.6
. {ag waste)
Wind Turbines Power Only 0.5-1.0 Wind 0.086 .15
Wind Turbines Power Only 0.1-0.5 Wind 0.105 3.0

o

2013
Wind Turbinea Power Only 2.5-5.0 Wind 0.065 0.5
Steam Turbines/New . | Power Only 2.5-5.0 Biomass 0.070 4.1
(wood waste)
MT/Biogasifiers Power Only 1.0-2.,5 Biomass 0.070 7.0
(a0 waste)
MT/Biogasifiers Power Only 0.5-1.0 Biomass 0.071 8.3
{ag waste)
-Wind Turbines Power Only 1.0-2.5 Wing 0.073 1.11
MT/Biogasifiers Power Only 0.1-0.5 Biomass 0.075 1.4
(ag waste)
Wind Turbines Power Cnly 0.5-1.0 Wind 0.080 i.6
Wind Turbines Power Only 0.1-0.5 Wind 0.098 a1
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3.6 FACTORS INFLUENCING IMPLEMENTATION OF DG

The degree of implementation of DG s subject to numerous factors, some of which may be
constraining, while others may enhance its potential. We discuss both aspects below.

First, as mentioned at the beginning of this section, PA's technical potential analysis was in
large part statistical in nature. PA relied on the statistical customer consumption and load
factor profile provided by Xcet. PA did not have access to any other customer or site-specific
data, both of which can aifect the size of the actual technical DG potential. PA also did not
have any information on already installed DG systems. To the extent that there are, this
would reduce our technical potential estimates. The following is a list of constraints that could
timit the size of the potential for DG at Xcel:

* there was no information available on already installed DG systems. To the extent
that such systems exist, this could reduce the estimated DG potential®®

»  site-specific space constraints can render impractical the installation of a DG system
{especially in a retrofit GHP installation on a commercial or institutional site, or for
wind-turbine installation on farms)

* site consumption patterns can constrain the technically-suitable size of a DG system.
For instance, sites with a strong seasonal activity can result in too low load factors. In
some cases, the actual E/T ratic can be significantly higher than typically
encountered in the relevant industrial SIC as a result of decreasing steam
consumption patterns on one hand, and increasing reliance on efectric mators and
controls on the other. In other cases, the annua! load factor may be reasonably high
but there are still extreme peak variations

* site thermal needs may not be suitable for some CHP DG system technologies
depending on the quaiity and fiow of steam required or the mix of steam vs. hot water
needs

® access to natural gas may be unavailable (and an oif-fired system may not be
considered as a viable aliernative for locational, storage, code or safety reasons)

* access to biomass may not be feasible (for example, if the site waste is already
used)

« siting of DG systems can be limited by environmental considerations {for example,
when there is a cap on total new emissions from stationary power applications in a
given territory)

2 Especially for CHP DG estimates (where the on-site steam needs could already be supplied by any
existing DG system. Our power-only DG estimates would be tess impacted since the data provided by
Xcel shows the power consumption purchased from the utility, whether there Is an existing DG system
or not.
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* finafly, when such constraints do not preclude the practical installation of a DG
system, they may instead render its capital cost or O&M cost too high to be
economic.

On the other hand, implementation of DG can benefit from potential technical, economic and
market improvements such as:

» higher DG technology efficiency performance as the result of better design and use
of more effective materials

*» further decreases in capital costs as more units are sold, or as manufacturing
processes improve

* enhanced DG system packaging (resulting in smaller footprints and easier siiing
capability)

° enhanced environmental performance (e.g., either through better combustor
configuration, improved combustion process, or more stringent after-combustion fiue
gas treatment)

*  better market knowledge of DG system performance and how it can be applied

* faster DG technology commerdialization as the result of more DG vendors being
active in the market.

in sum, DG implementation is subject to a variety of factors that may enhance or constrain its
introduction. Notwithstanding the noted constraints and enhancements, PA has attempted to
balance these competing forces by the application of what we consider reasonable
assumptions. Although possible, we have not modeled, nor was it appropriate to mode! given
the scope of this study, any major disfocations in the market that would have a major
constraining or enhancing effect an DG.
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APPENDIX A: DESCRIPTION OF DG TECHNOLOGIES

This appendix provides a summary description of each generation technology initially
considered in the study. As detailed earlier in the report, some of these did not pass our initial
feasibility screens, and thus were not included in the numerical analysis.

A1 RECIPROCATING ENGINES

Reciprocating internal combustion engines are a widespread and well-understood technology.
The engines get their name from the “reciprocating,” or back and forth motion, of the pisions
in the engine cyfinders. North American production exceeds 35 million units per year for
automobiles, trucks, construction and mining equipment, marine propulsion, lawn care and a
diverse set of power-generation applications. A variety of stationary engine products is
avallable for a range of power-generation market applications and duty cycles, including
standby and emergency power, peaking service, intermediate and base-ioad power and CHP.
Reciprocating engines are availabie for efectrical power generation applications using many
ditferent fuel sources in sizes ranging from a few kilowatts io more than 84 MW in individual
applications.

Figure 1. Reciprocating Engines (Source: Distributed Energy Forum)

There are two basic iypes of reciprocating engines — spark ignition (SI) and compression
ignition (CI). Spark ignition engines for power generation use natural gas as the preferred
fuel, although they can be set up to run on propane, gasoline, or special gases such as
landfitl, flare and digester gas. Compression ignition engines (often calied diesel engines)
operate on diesel fuet or heavy (residual) oil, or they can be set up to run in a dual-fuel
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configuration that burns primarily natural gas with a small amount of diesel pilot fuel for
ignition or for backup in case the primary fuel becomes temporarily unavailable,

Diesel engines are the most popular type of reciprocating engine for both small and large
power-generation applications. However, in the United States and other industrialized
nations, diesel engines are increasingly restricted to emergency standby or limited duty-cycle
service because of air emission concerns. As a result, the natural gas-fueled SI engine is now
the engine of choice for the higher-duty-cycle stationary power market. Natural gas-fueled
reciprocating engines are commercially avaitable in sizes ranging from 10 kW to 7 MW.

Current generation natural gas engines offer low initial-cost, fast start-up, proven reliability
when properly maintained, excellent load-following characteristics and significant heat-
recovery potential. Efectric efficiencies of natural gas engines can exceed 40% LHV for larger
lean-burn engines (>2 MW)." Waste heat can be recovered from the engine exhaust and
cooling systems to produce either hot water or low-pressure steam for CHP applications.
Overall, CHP system efficiencies of 70% to 80% are routinely achieved with natural gas-
engine systems in applications with electrical and heat loads appropriately in balance.’

Reciprocating engine technology has improved dramatically in the past three decades, driven
by environmental and economic pressures. Computer systems and software have greatly
advanced reciprocating engine design and contral, accelerating advanced engine designs
and making possible more precise contro! and diagnostic menitoring of engine operation.
Stationary engine manufacturers continue to drive advanced engine technology.

The emissions signature of natural gas Sl engines, in particular, has improved significantly in
the past decade through better design and control of the combustion process and through the
use of catalytic treatment of exhaust gases. Advanced lean-burn natural gas engines are
available that produce untreated NOX levels as low ag 50 ppmv @ 15% reference O,

(dry basis). Three basic types of post-combustion catalytic control systems for reciprocating
engines include 3

*  Three-way catalyst (TWC) systems. reduce NOx, CO and unburned hydrocarbons
by 90% or more. TWC systems are widely used for automotive applications.

*  Selective catalytic reduction (SCR). SCR is normally used with relatively large
(>2 MW} lean-burn reciprocating engines. In SCR, a NOx-reducing agent, such as
ammania is injected into the hot exhaust gas before it passes through a catalytic
reactor. The NOx can be reduced by about 80-95%.

*  Oxidation catalysts. Promote the oxidation of CO and unburned hydrocarbons to
CO2 and water. CO conversions of 95% or more are readily achieved.

One example of reciprocating engine R&D is the Department of Energy’s Advanced
Reciprocating Engine Systems (ARES) program. DOE is leading a national effort to design,
develop, test and demonstrate a new generation of reciprocating engine systems for DG
applications that is cleaner, more reliable and efficient than current commercial products.
Planned activities focus on the following performance targets for the next generation of
reciprocating engines: high efficiency; environment; fuel flexibility; cost of power; and
availability, reliability and maintainability. The goal is to maintain levels equivalent to current
state-of-the-art systems.
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A2 COMBUSTION TURBINES

Conventional combustion turbine (CT) generators, alsa knawn as gas turbines, are a very
mature technology. They typically range in size from about 1 MW up to 25 MW for DG and up
to approximately 400 MW for central power generation. In this analysis, PA allowed for the
possible development of smalier combustion turbines (as small as 500 kW) by estimating cost
and performance characteristics based on larger currently commercially available machines.
They are fueled by natural gas, all, or a combination of fuels {"dual fuel"). Modern single-cycle
combustion turbine units typically have efficiencies in the range of 30 to 45% at full load.
Efficiency is somewhat lower at less than full load.

Figure 2. Combustion Turbine (Source: University of Florida)

Small combustion turbines are found in a broad array of applications including mechanical
drives, base load grid-connected power generation, peaking power and remote off-grid
applications. Gas turbines produce high-quality exhaust heat that can be used in CHP
configurations o reach system efficiencies of 70% to 80%. Turbine-based CHP systems use
turbine exhaust directly for industrial processes such as drying or as input into a heat
recovery steam generator that produces steam for process or space conditioning use.

Gas turbines are one of the cleanest methods of generating electricity, with emissions of
oxides of nitrogen (NOx) from some large turbines in the single-digit part-per-million {ppm)
range, either with catalytic-exhaust cleanup or lean-premixed-combustion-Because of-their
relatively high efficiency and reliance on natura! gas as the primary fuel, gas turbines emit
substantially less carbon dioxide (CO2) per kilowatt-hour generated than any other
technology in general commercial use.

While CTs are often the technology of choice, there are some performance related drawhacks
to CTs. These include *;

* partload efficiencies (50% load) are approximately 25% lower than full-load
efficiencies

e Ts are raied based or standard conditions at sea level. Cutput and fuel
consumption will decrease about 3.5% for every 1,000 feet above sea level

* CTs are rated at a nominal temperaiure of 59°F and their output decreases by 0.3 to
0.5% per F increase in ambient temperature

o heat rate increases about 0.7 to 0.2% for every 1°F increase in turbine inlet
temperature.

A3
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The Department of Energy (DOE) has been actively funding research and development
aimed at improving combustion turbine performance for many years. The DOE’s Advanced
Turbine System research and developmert program is a partnership among the DOE, state
governments, gas furbine manufactures, universities, natural gas companies, national
laboratories and electric power producers. Together they are working on lower-cost, higher-
efficiency gas turbines that have better environmental performance than existing machines.

A3 STEAM TURBINES

Historically, steam turbines have been the primary power generation technology, providing
mechanical and electric power and steam for a variety of industrial processes. Steam turbines
are available in a wide range of sizes, from 500 kW to well over 1,400 MW. Uniike gas turbine
and reciprocating engine CHP systems — in which heat is a byproduct of power generation —
steam turbines normaily generate electricity as a byproduct of steam generation.

Gurrently, steam turbine boifers can accommodaie a wider variety of fuels than cther
available systerns (including oif, natural or synthesis gas, coal, wood, solid waste, industrial
byproducts and agricultural byproducts). However, individual boilers are usually oniy
designed to accommodate two fuel sources at one time (i.e., dual-iueled boilers can be built
to use oil or gas, coal or oil, gas or coal).

In general, steam turbine applications are driven by balancing lower-cost fuel, or avoided
disposal costs for a waste fuel, against the high capital cost and (usually high) annual
capacity factor for the steam piant and the combined energy plant-process plant application.
For these reasons, steam turbines are not normally direct competitors of gas turbines and
reciprocating engines in distributed generation applications, except where the primary fuel is
not petroleum based.

While steam turbines are competitively priced compared to other technologies, the costs of
the boiler, fuel handling and overall steam systems and the custom nature of most
instaliations tend 16 drive up eatipment costs: Thos'in this analysisPA foctised on steam
turbine retrofits where an new steam turbine is added to a site with an existing boiter thereby
lowering the capital cost. Low capital cost and the ability to use inexpensive fuels makes
these projects very price competitive from a levelized cost perspective and environmentally

attractive.
A4 PHOTOVOLTAIC CELLS

Photovoltaic {PV) cells, or solar cells, convert sunlight directly into electricity without moving
parts and without producing fuel wastes, air pollution, or greenhouse gases. PV cells are
assembled info flat plate systems that are mounted in sunny areas. PV systems can be
installed as either grid supply technologies or as customer-sited aiternatives to purchased
electricity. As suppliers of bulk grid power, PV modules would typically be installed in large
array fields with total peak output a few megawatts. The DOE reports that very few of these
systems have been instailed to-date.2

The DOE reports that the cost of PV-generated electricity has dropped 15- to 20-fold; and
grid-cornnected PV systems currently sell for about 20 to S0¢/kWh, including support
structures, power conditioning and land.® They are highly reliable and last 20 years or longer.

A4
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Comrercially available Yes

Size Range <1 kW - many MW

Fuel Sunlight

Efficiency 5-15%

Environmental No emissions

Commercial Status Commercially deployed, advanced PV
films under development

At present, the marketplace appears focused on customer-sited systems, which may be
installed to meet a variety of customer needs. These installations may be residential-size
systems of just one kilowatt, or commercial-size systems of several hundred kilowaits.

A photovoltaic array surface area the size of roughiy two football fields could produce 1 MW
peak power.

A5 CONCENTRATED PHOTOVOLTAIC

Concentrating Solar Power (CSP) systems concentrate solar energy 50 1o 5,000 times to
produce high temperature thermal energy, which is used to produce eleciricity. in CSP
systems, highly reflective sun-tracking mirrors produce temperatures of 4002C 1o 800°C in the
working fluid of a receiver, which is used in conventional heat engines (sieam or gas turbines,
or Stirling engines) to produce electricity at system solar-to-electric efficiencies of up to 30%.
Systems using advanced photovoitaic PV cells may achieve efficiencies greater than 35%.°

The DOE reports that CSP technology is generally still too expensive to compete in
widespread domestic markets without significant subsidies.? The DOE reports there are nine
parabolic trough plants, with a total rated capacity of 354 MW, which were instalied in
California between 1985 and 1991. Their continuing operation has demonstrated their ability
to achieve commercial costs of about 12¢/kWh to 14¢/kWh.?

A.B MICRO TURBINES

Microturbines are small combustion turbines that currently produce between 25 kW and
500 kW, but may be capable of producing larger amounts by 2010. PA accounted for this
possibility in the analysis detailed above by estimating cost and performance characteristics
for larger micro turbines based on those available today.

A-D
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Microturbines were derived from turbocharger technologies found in large trucks or the-
turbines in aircraft auxiliary power, units (APUs). Most microturbines are single-stage; radial
flow devices with high rotating speeds of 80,000 to 120,000 revolutions per minute. However,
a few manufacturers have developed alternative systerns with multiple stages and/or lower
rotation speeds.®

Microturbines generally have marginally iower electrical efficiencies than similarty sized
reciprocating engine generators. However, because of their design simplicity and relatively
few moving parts, microturbines have the potential for simpler instalation, higher reliability,
reduced noise and vibration, lower maintenance requirements and possibly lower capital
costs compared to reciprocating engines.

Long-term success will depend on early commercial success and rapidly growing sales io
support large-volume production, an expanded sales and service infrastructure and continued
technology development. Microturbines are nearing commercial status. However, many
microturbine installations are stifl undergoing field tests or are part of large-scale
demonstrations.® : .

*  recuperated microturbines, which recover the heat from the exhaust gas to boost the
temperature of combustion and increase the efficiency '

® unrecuperated (or simple cycle) microturbines, which have lower efficiencies, but also
tower capital costs. - ‘

While some early product introductions have featured unrecuperated designs, the bulk of
developers' efforts are focused on recuperated systems. The recuperator recovers heat from
the exhaust gas in order to boost the temperature of the air stream supplied to the combustor.

SN

Further exhaust heat recovery can be used in a CHP configuration.

Microturbines can be used for stand-by power, power guality and reliability, peak shaving and
CHP applications. In addition, because microturbines are being developed to utilize a variety
of fuels, they are being used for resource recovery and landfill gas applications. Microturbines
are well suited for small commercial buiiding establishments such as: restaurants,
hotels/motels, small offices, retail stores and many others.

Microturbines also have significantly lower emissions signatures than reciprocating engines.
Microturbine emissions can be up to eight times lower than diesel generatars and currently

A-6
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available microturbine products produce less than 50% of the NOx emissions of a state-of-
the-art natural gas lean-burn engine. In resource recovery applications, microturbines can
burn waste gases that would otherwise be flared directly into the aimosphere.

Development is ongoing in a vatiety of areas:

*  heat recovery/CHP
» fuel flexibility
e vehicles.

A7 STIRLING ENGINES

Stirling engines are classed as external combustion engines. They are sealed systems with
an inert working fluid, usually either helium or hydrogen. They are generally found in small
sizes (1-25 kW) and are currently being produced in small quantities for specialized
applications.

Recent interest in DG — and use by the space and marine industries — has revived interest in
Stirling engines and as a result, research and development efforts have increased. Today, a
search of the Internet produces more than 25 companies promoting the Siirling engine: but
there has been little, if any, commercial success 1o date in power generation or CHP
applications.? -

While Stirling engines are worthy candidates for distributed generation and CHP applications,
they face formidabie hurdles in the marketplace. The incumbent reciprocating engine or gas

* turbine manufacturers have spent billions of dollars and decades in development. Capital
costs of Stirling engines are relatively high ($2,000-$50,000/kW) and are generally not cost
competitive with other DG technologies.® Mast of the companies promoting Stirling engines
for distributed generation have not progressed to a standard product line. Field
demonstrations are few and far between — and field-test results are not being offered to the
public.

Figure 4. Overview of a Stirling Engine (Source: Whisper Tech Ltd.)

A-7
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Commercially Available No

Size Range <1 kW - 25 kW

Fuel Natural gas primarily but broad fuel
flexibility is possible

Efficiency 12-20% (Target: >30%)

Environmental Potential for very low emissions

Other Features CHP (some models)

Commercial Status Commercial ilabifity 2005+

Stirling engine developments have been directed at a wide range of applications, including *:
*  small scale - residential or portable power generation

*  solar dish appiications — a renewable application where heat refiected from
concenirating solar collectors is used to drive the Stirfing engine. Several
government-funded programs are aimed at enhancing this application

*  vehicles ~ auto manufacturers along with the U.S. government are investigating
utilizing Stirling engines in vehicles

*  refrigeration — Stirling engines are being developed to provide cooling for applications
such-as microprocessors and suparconductors

= aircraft - Stirfing engines could provide a guieter-operating engine for small aircraft.

A8 FUEL CELLS

Fuel cell systems, currently in the early stages of commercialization, are an entirely different
approach to the production of electricity from traditional prime mover technologies. They are
currently available in sizes from 100 kW 1o 2,000 kW, though the larger machines are not
commercially viable as yet. Fuel cells are similar io batteries, in that both produce direct
current (DC) electricity through an electrochemical process without direct combustion of a fuel
source. However, whereas a battery delivers power from a finite amount of stored energy,
fuel cells can operate indefinitely if a fuel and oxidant are continuously supplied.

There are four primary fuel cell technologies. These include phaosphoric acid fuel cealls
(PAFC), molten carbonate fuel cells (MCFG), solid oxide fuel cells (SOFC) and proton
exchange membrane fuel cells (PEMFC). The technologies are at varying states of
development or commercialization. Fuel cell stacks utilize hydrogen and axygen as the
primary reactants. However, depending on the type of fuel processor and reformer used, fuel
cells can use a number of fuel sources including gasoline, diesel, LNG, methane, methanol,
natural gas, "waste gas” and sofid carbon.

A-B
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Figure 5.

A: Description of DG technologies. ..

Fuel Cells (Sr: Natioal Energy echnology laboratory)

available

PAFC SOFC MCFC PEMFC
Commercially Yes No Yes Yes
Available
Size Range 100-200 kw 1 kW - 100 kW 250 kW — 3-250 1 kw
2 Mw
Fuel Natural gas, Natural gas, Natural gas, Natural gas,
landfill gas, hydrogen, fandfill hydrogen hydrogen,
digester gas, gas, fuel cil propane, diesel
propane
Efficiency 36-42% 45-60% 45-55% 25-40%
Environmental Nearly zero Nearly zero Nearly zero Nearly zero
emissions emissions emissions emissions
Cther Features | Cogen (hot Cogen {hot water, Cogen {hot Cogen (80°C
water) LP or HP steam) water, LP or HP | water)
steamj- - -
Commercial Some Some commercially | Some Some
Stafus commercially available commercially commercially
available available

Natural gas {methane) is considered to be the most readily available and cleansst fuel
to hydrogen) for distributed generation applications
systems is focused on converting natural gas into

reaction process fo break the methane molec

based gases.

High temperature fuel cells such as the MCF
the high operating temperature of the fuel ce

to hydrogen.

Xcel Energy - August 5, 2005
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il allows for the direct conversion of natural gas
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A: Description of DG technologies. .. m

A.8.1 PAFC

There are well over 200 phosphoric acid fuei cells in service and much operating experience
has been obtained. These fuel cells have been installed at medical, indusirial and commergial
facilities throughout the country and the 200 kW size is a good match for distributed
generation applications. The operating temperature is about 400 °F, which is suitable for
co-generation applications.

Developers of PAFC are targeting commercial and tight industrial applications in the
100-200 kW power range, for both electric-only and CHP applications. For these applications,
" PAFG has demonstrated the following favorable characteristics *:

* packaged systems with extremely high reliability (some have-operated in the field for
>9,000 hours of continuous service)

*»  very low noise and vibration

» negligible emissions’

-*  high electrical efficiencies (36%-42%).
Researchers are currently working on fuel cell technologies that combine the benefits of
PEMFC and PAFC into a single membrane that operates at intermediate temperatures of
90°C to 160°C. While often referred to as a "high iemperature PEM," the devices can also be
described as low temperature PAFC.
It is siill too early to tell what the long-term impacts of this technology could be.
A.B.2 PEMFC
PEMFC technology development has_been driven in large part by the automotive sector,

where the PEMFCs have a compelling advantage over other fuel cell technologies in ierms of
their size and startup time (see table below).

Fuel Cel} Peak Power Density System Efficiency Start-up Time
Technology (MW/cm"™) (% HHV) (hours)
PAFC ~200 36-45 1-4
MCFC ~160 43-55 10+
SOFC {tubular) 150-200 43-55 5-10
SOFC {planar) 200-500 43-55 unknown
PEMFC ~700 32-40 <0.1

A-10
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Many of these attributes are also attractive for stationary markets and have encouraged
developers to develop products for this sector. Products are being developed at the large end
for commercial-sized power generation. The economic avaitability of natural gas makes this
the fuel of choice. As with alt fuel celt technologies, the need to reject system heat (in the farm
of hot water) makes them particuiarly atiractive for GHP, which is included in almost all
products currently under development.

PEM fuel cells are currently being developed for a broad range of applications including:

automotive

residential (<10 kW), both with and without CHP functionality

commerciat (10-250 kW), both with and without CHP functionafity

light industrial (250 kW and below), both with and without GHP functionality
portable power (several KW and smaller).

Outstanding challenges for PEMFC systems are as foliows ¥;

For those systems operating at pressures > 1.5 atm, there is no
compressor/expander product that can operate at appropriate airflows and efficiency
to provide power to a PEMFC stack without impesing an unacceptable burden on
system parasitic loads. This limitation has led many developers of stationary power
systems 1o focus on near-ambient pressure operation.

Long-term operation has yet to be demonstrated. Much of the current experience
even on synthetic reformate has witnessed decays in power output over time,
suggesting that more testing and product development will be critical.

Lang-term demonstration of CO control technology that can reliabiy produce
acceptably low levels of CO remains to be done. While manufacturers have
developed systems capable of producing 10-20 ppm CO, these results still need to
be acéomplishad'in 16ng-tarm, raal-world taet envirchiments,

Operation of fully integrated systems in a broad range of thermal environments with
adequate water recovery over exiended periods has not yet been demonstrated.

Operation of fully integrated systems in environments where freezing temperatures ocour
over extended periods has not yet been demonstrated.

A83 MCFC

The high efficiency and high Operating temperature of MCFG units makes them most
attractive for base-loaded power generation, either in electric-only or CHP modes.

Potential applications for MCFGs include:

industrial
government facilities
universities
hospitals.

A-11
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MCFC technology has now been through several generations of field testing and additional
testing continues. Future development is focusing on: ‘

* extending stack life
* increasing the power density
*  reducing the cost.

A.8.4 SOFC

Solid oxide fuel cells are being considered for a wide variety of applications, especially in the
5-250 kW size range:

¢ residential CHP
»  smalf commercial buildings
* industrial facilities.

Larger sizes in the multi-megawatt range are being considered and would be used primarily
for base-loaded utility applications.

With extensive demonstration experience accumuiated on tubular SOFC technology, the
primary development challenges relate to cost reduction. Additionally, as with all novel
technologies, there remains a need to demonstrate the reliability and operating cost of these
technologies prior to their commercialization.

For planar SOFC technalogies, the primary challenges still refate to the difficulties maintaining
the structural integrity of the units at their high operating temperatures. These issues are
focused particularly on:

¢ maintenance of seals and maniiolds under severg thermal stresses

*  long-term mechanical iniegrity of planar systems in (as yet undemonstrated) field
iesis of integrated fuel celi stacks.

A9 COMBINED HEAT & POWER

CHP systems, also known as CHP systems, simply capture and utilize excess heat generated
during the production of electric power. CHP systems offer economic, environmental and
reliability-refated advantages compared to power generation facilities that produce only
electricity. Distributed power generation Systems, which are frequently located near thermal
loads, are particularly well suited for GCHP applications.

Market segments for CHP svsterns includs:

large and mediumn industrial sysiems — greater than 25 MW (ioo large for this study)
small industrial system — 50 kW to 25 MW

smaller commercial and institutional systems — 25 kW+

residential — 1 kW to 25 kW (too small for this study).

. o = @
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Commercially Available Yes

Size Range Several kW — near 50 MW

Fuel Depends on the DG technology

Efficiency 50-90%

Environmental Reduces the use of excess fuel to
produce heat.

Commercial Status Many systems commercially available.

The thermal energy recovered from distributed generators is typically in the form of steam or
hot water. This thermal energy can in turn be used to meet thermal demands for the following
applications:

»  hot water production

* space heating

*  hot air/steam for industrial process heat

*  space cooling (requires an absorption chiller)

¢ dry air generation (with the use of a desiccant).

The form and guantity of recovered thermal energy produced by a CHP system is dependent
on both the DG technology and the heat recovery hardware. The table below illustrates the
CHP applications applicabie to the different DG technologies.

Space

Cooling Space.

{singie- Cooling

Low- High- stage (two-stage
Hot Space Pressure | Pressure absorption | absorption Dry Air
Waier | Heating Steam Steam chiller) chilter) (desiceant)
Reciprocating
Engine X X X X X X X
Stirling Engine X X X X
Microturbine X X X X
Combustion Furbine X X X X X X X
PAFC X X
PEMFC X X
MCFC/SOFC X X X X X X X
A-13
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Manufacturers of DG equipment are shifting focus 1o create packaged CHP systems, where
the heat recovery hardware is integrated with the power generation equipment and sold as &
compiete product. Currently, a large number of packaged CHP systems using reciprocating
engines are becoming commercially available. Microturbine manufacturers are also adding
heat recovery to their products. As the emerging technologies (i.e., fuel cells, Stirling engines)
become more economical, integrated heat recovery will be added to the final commercial
product.

A.10  WIND

Wind turbines use the wind to produce electrical power. As the turbine rotates in the wind, the
generator produces elecirical power. A single wind turbine can range in size from a few kW
for residential applications to more than 5 MW.

Commercially Available Yes |
Size Range Several kW — 5 MW

Fuel Wind

Efficiency 20-40%

Environmental No emissions

Other Features Various fypes and sizes

Generally, individual wind turbines are grouped into wind farms containing several turbines.

n oA £n Ntad

Wind farms can be quite large ranging from a few MW io tens of MW and may be connected
directly to utility distribution systems. The larger wind farms are often connected to sub-
transmission fines. The small-scale wind farms and individual units are typically defined as
distributed generation. Residential systems (5-15 kW) are avaiiable; however they are
generally not suitable for urban or smali-lot suburban homes due to large space
requirements.

Each part of the wind turbine is being subjected to research in order to improve efficiency and
reduce costs. Several organizations, including the University of Golorado, are working to
improve wind turbine generators to be more efficient. Some of the new technology that is
being developed uses power electronics to allow for variable rotor speed operation to improve
efficiency, control structural loads and improve power quality.

A-14
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The airfoils for the wind turbine blades are also being improved to increase energy capture
and improvements have been made to aerodynamics control devices that are built into the
turbine blades to adjust the aerodynamic driving forces, optimize energy capture, control
loads and control rotor speed.

Sources:

1. "Gas Fired Distributed Energy Resource Technology Characterizations,” Gas Research
Institute (GRI) and National Renewable Energy Laboratory (NREL), November 2003.

2. “Power Technologies Data Book,” National Renewable Energy Laboratory (NREL), 2003
Edition

3. "Distributed Energy Resource Guide,” California Energy Commission website
hitp:/www.engrgy.ca.gov/distgen/.

A-15
Xeel Energy — August 5, 2005



S00Z 'G 1snbny — AB1euz a0y

i-d

£85'a 8963 §01'6 G000 & 600D § 6000 $ G4 % E64 B Zum [3 . @sapole (MmN SZ-0) A iamag sauiliuy Bueoodipat
£85'8 896'8 Sop's 6000 § 6000 % 6000 % SM ¢ e g szm $ seoemeN  (mw)gz ooy Aug 1amoy ssulbiug Bupecoidioay
© |e8sE §96°8 89p°6 6000 & 6000 & 6000 $ Su4  $ pes & szg b g4 (Wl sez-oL Ao 1amoy sauBuzg Bunedoidizay

9rE'y ani's arg's 8000 & 6000 4 60000 & BS6 $ @86 § svo'L & lesaipatg (M) 62 -0') dHD

96"y 801G o9ve's 8OO0 § 6000 $ 6000 & 856 & BRE  $ JpO: $  senEIEN (M) SE- 0 dHG
b5y B01'S ara's BC0C % 600D § BOOO $ 856 % 688 4 sv0'L & 2t (MW sz-o) dHOD sauBug Bunesoidiooy
9EL'6 0816 - SH'0 § S100 ¢ wN 26§ 968 ¢ wN SeQjemieN (M) SE -0 AuG Jamng sauiqIN L oIy
£98's SiB'G - 5100 & G160 § wN SOME 8 ErL § wN skoy ey (pmw) SZ-01 dHD S8ulQu) 011y
£9L'EL 25E'St sLEPL 8000 § 5000 % G000 % bEZ'L ¢ gopL & 89p'L % E (MW) 52 -0} Aup Jemog SBUIN ) 5B
€94'2L Z5E'EL LEEpL BOO0 & BO0G $ 6000 $ vez'L § gocy $ 89 4 (Mm)gg-oy AuQ Jamoy sauqn | seg
80’9 B5E'9 689’ L0000 $ 8000 $§ 6OGD $ 8L & peg| 4 8go'L ¢ SE) [RINEN  {MIN) 5'Z-0'L dHD s8UIN L sen
/509 25¢'9 6£9°9 4000 8 8000 § 6000 $ 8L § peg') & peg) § eH MW gE -0 dHO sauqung seg
0g6'g 01p'L 02y's 9l00 $ 0200 & PEOD $ E66'L % B9EE § st & SED BINBN (MW g2 -0t AuQ) samog s[l8) jand
258't 086y ooe's 9L00 § 0200 & vEOD ¢ SEK'Z & oy § se8'c g SED [BINEN (M) 52 -0 dHO sli@o [@ang
VN N L4 ¥N N N Wi N YN Cowealg  {(mp)ol-g0 AU Jamog sauiqun | wea)g
N N ¥ YN YN v N ¥N YN sed aeN  (MW) 0L-50 <HD onBY/sauIn | wee)g
vi8's LVB'6 SIE'DL 6000 $ 6000 § OMD $ 28 § €24 & sve ¢ 19520 (MW 0L - 570 Aug semod seuug Buesordioay
rI96 LYE'6 SIEDL 600G % 6000 $ QL0 $ 282 $ €24 § tpm $  senEmeny  {(mwol-co Aup 1amog sauiiuzg Buneaoudioay
$i9'6 IVE'S SIE'DS 6000 3 BOO'D $ 0500 § s82 § gss $ 8§ 2 (MWOL-g0 Aug Jameg saubug Bunesoidioayy
169"y pLL'y SE8'V DLO'0 8 116D § 21000 § OFO'L $ 01 ¢ gpEL $ [#saiporg (MmNl 075 - 570 dHD sauiBuy Bugeaosdisay,
L69'Y PLL'Y S6B'p 0100 & L0 & 200 $ ObO'L % J0ut & §b2'L ¢ senemey  (mw) oL -gg dHO saubug Bugeaoidizay
169'¢ vid'y SBE'Y OO0 3 L0 $ ZI00 § Ov0L § L01 ¢ sve'y ¢ g# (MW oL-g0 dHD saubug Suiteaoidicay
2EL'6 0816 - SI0C 3 5100 § wN 26 % 886 % wN e @INEN (MW O'L - 6D AuQ) semog s8N o1y
£99'c gle's - GL00 % SI00 § WwN SOLL ¢ 19t $ o SEO [2IMEN (MW 0L-50 dHI S8 cIoNy
2or'EL 920'%1L 298"yl 6000 & 800D & 0100 $ ¥SKL % Begt $ ez & sep (einjeN (MWl ol-ga Q) Jarog saulging seg
2O1'EL 940'v3 898'v1 6000 3 BOOD § QLD $ ve¥'L % G5 ¢ £29'L ¢ ) 24 (MwloL-go Ao 1amoy salqun sec
5089 6950 658'g 8OO0 & 8000 8 00 $ 169t § eest § gze'| §  semEmen (MW oL-g50 dHOD saliqun segy
SOE'9 695'g 658'g 8000 $ 800°0 § 0D $ 16Ot & eESL § ezE 4 z# (mwor-gp dHD sBUIUN S SBE)
£rgL £00°8 02b'g VIO B 0200 § /300 $ S80'Z § pE9E ¢ ovsc §  senemey (w0 -go AuQ samog slfag jeny
ECB'Y © e’ £0'G vI00 § 0200 $ J200 § KIEZ ¢ BPEZ ¢ 0oz §  sEnemEN (MW oL-g50 dHD Sil20 [ang
wN YN L0 ¥N YN vN Wi L0 YN L WEES M) g0- 10 Aug emog sauqiny, weag
VN YN VN ¥N YN YN N YN N SED eImEN (M) 50~ 1D dHD SHaHisauInL Wesg|
2tri'ol Levol 188'0) 0L00 ¢ 1100 ¢ 200 $ B2 ¢ vB. ¢ gew & lasapoig (MmN} 50 - 1o AU smod saubug Buneseidisay
2P 104 Lrb'o 2EE'0L 00§ 1160 § 2100 $ 8z & pes $ 888 % seDmnEN  (MA)SD- 1D Aup 1emog ssuibug Buieaoidioay
erl'ol  ev'or lesol QLD § LT $ 200 $ e $ . & gan % ZH M s0- 10 Aug samog salzbug Sunesoidioay
855 ey AV MO0 $ 200 § vioD § BOTL % B9l $ gpe'l ¢ 1#sapoig (Mg 50- 10 dHD 13 Bupeoosdpay
855" 009'p sy LEDC 8 2100 $ pI0D $ ¥ROL ¢ 6g9i) § BYEL & sED(RNEN (M) S0- 10 dHD sauiBug Bupescidjoay
855" 009'y gL'y LOO & 2100 $ v00 $ ve0'L ¢ Bale  8vel g (MW} 50 - LG dHO saufug fupesaidisey
0zz'g 08¥'6 SLE°LL YD $ G100 § G100 § B20° $ 211 & gop) $ (MW g0-10  Aup semog saulgin oloqy
089'5 2EL'g 86/'9 PIO0 § S0 8 GI00 $ 024 § 29’ ¢ eoo & (M) 50~ 10 dHD saunt sy
YN N ¥N YN N N K YN YN (MmNl 50 1D Aug 18amoy sBUIgQIN ) 5eD)
VN VN VN ¥N ¥N VYN N VN VN . (MWl 50-10  Aug semoy seulquny seq
YN VN VN N WN VN YN ¥N N SEDEINEN (MW SD- LD dHD saufqing seo
N Wi YN VN Wi N N N YN , Zh (MW SO0- 1o dHD sauqun_ ses
£pe'L o' ozb's P00 & 0200 $ /200 ¢ 2867 ¢ 8967 & (BB §  senemen  (mp)so- 1o Aug samo 58D Jan4
EER'Y elL's £0F'S PIOO § 02000 ¢ /200 § VIE? & £bEE & oozb $  sesemeN (MW so- o dHO 8)18 jany
£10% DLOE 5602 £102 0102 S00Z ELOE aLoz SO0 ! 1and azls  uanesyddy ABojouyaa]]

(usptima) a1y teay (uasnis) s1500 WR o (Mmws) 1503 |endey e1o), ADojouyas ) Honelouan painqusig
i
NOUYZIHTFLOVEHYHD ADOTIONHOTL 9 XIONTddY




S00Z G isnbny — ABlaug |sox

¢4
2012l geezl 86E°21 0§ 900 § 8100 § O § 00vr § ISl 8 ‘gssewoilg [MAWY 00105 AUO 1m0y MBN/SBUIGIN ] WRaIS
Z0L'EL B2E'z) 86821 91070 § 9100 $ 9100 $ et & 008t & psof $ gssewory  {MW) 05-52 AuQ Jamog MBNJSaUKIN ) weays
058' | 1 YN ¥N £200 % WN ¥N 519' § wN ¥N 18sewol (MW 52-0'1 A remay siayseboigy)
0SB'L | VN N EZ00 $ WwN VN 069°L § VN YN | ssewoig (MW O'L- 50 Augy 1emod
0S8°kL  S2L'Et 90t'9L lEeC0 ¢ bpE00 § pSE00 ¢ 086’} & 0912 ¢ qogE 3 | ssewioly  (MW) S0 - 10 Ay remog
Vi ¥N VN 5000 § BO00 § 6000 ¢ O 0§ 9 & 2B % PUif (MW 008 - 08 AuQ Jamo g
YN YN YN 8000 § 6000 $ 0LOD § 0SO'L 4 S0 § Szl $ Pum (MW 0S-52  Auo semog S3UIQIN | PUIAA)
YN N ¥N Ol00 & 1100 $ 2100 § o051t $§ 002’k $ 0sE'l § Pum (Ml sz-o't Aug samag Saun] puiA
YN VN WN OO $ 2100 $ P00 $ 0%2t $ 0sEd ¢ 00Kl 4 PUM (MW OTL-50  Aup semay SIUQIN |, PUIpL
VN YN i 00200 ¢ S2200 § 0200 $ Se¥'l ¢ 00%'F % oog') $ pm (M) S0 1o Ao 1emag S3LIQIN | PuIg
N N VN N N WN YN N VN wealg (Mw) 00l -0 Aup semog saulqIn | weag
988"y 286"y BBE‘Yy EIOD & EL00 4 €100 $ £6 ¢ 98 ¢ zap $  senjemen (M) oot - o'g dHD olgd/sauqIn . Lwealg
G56'4 2eE's 6v.'8 BOO'0 $ 8000 4 800D $ 82, % 8b. § cus $ {asepoly (M) 001 - 07 AuQ Jammod sauibuz Sulzaordpay
GGH'2 gee's 6v2's BOCC $ 8000 § 6000 $ 82 % 8yL & ems & SBO EMNEN (MW} 00L-0G  AuQ Jamoy sauibul Buyeacidinay
GSE'L zze's &v/'8 800C & 80000 § RODD % g3 § sk/  § cas ¢ Z# (MW}O0L-05 AuQ tomay sauwbug Buyeooidoay
6aL'y zze'y 666't 8CO0 & 8000 $ B00D 4 268 § 186 0§ zes & @sapoig (A 001 - 0°g dHO sauBug Bulecoudioay
62L'y 228'P 666't BOOD § B0OD $ G000 § 68 & 186 3 zeg & SeD [2IneN (M) 001 - 0'g dHO saubuz Bugeaoidinay
T4 z28'y 666 BOO'D & 8000 § 900D & 268 % 186 & 266 $ ¢e# (MW)ool-os dHD saufuzg Bueaoidioay
VN ¥N N ¥N N ¥ vN N VN SED RMEN . (MW) 003 - 0°G AUp samog SaUIINA | 0I0N
YN N N wN VN VN VN VYN N seg emieN  (MW) 001 - 0'g dHD SaLIN | QUoly
005'01 008'01 00E' L} §000 § 5000 -4 soo0 $ o018 § oER g %8  § 8D |neN (MW} 001 - 0'S Auo Jamoy saujqin] se
o0p'0L  O0R'OL 00E 1L SO0'C $ 50000 § 5000 $ 018§ 928 4 oy g gt (MW OOL-08 Ao sameg sauIqIn;, sen
§95's 988'g £58'g 5000 ¢ G000 $ S000 § L6 & aws 4§ peE 4 SEQ [BINEN (M) 0°0L - 0§ aHD sauiqin sen
885'g 969G ESE'G S00°0 § S0D'0 § S000 § L6 % @ve 4 bes ¢ , g% (M oor-og dHD sauqun, segy
WN ¥N ¥N ¥N VN vN YN WN VN SEQ RIEN  (MW) 0°0L-0'S  AUp Jamag s|ag (ang
VN N YN YN N N N VN N SED [unieN (M) 0°01 - 06 dHD sjjag 1any
YN N YN YN N VN N VN vN wealg (MW 0'5-57 AN emod s8wWquN | weayg
6ES'p LvS'p 0£5'p E00 § €100 % £100 § 2€ § 98¢ § ggp $  demmmEN  (MA) 0G-5Z dHD oipy/sauIqng Wes)g
a5z's zba's v01'6 8000 & €000 & 9000 § O8. 0§ 69 § pom % Bsapolg (MW 0'G -G8 AuQ ramog sauibug Bunesasdipay
85e'e zba'e ¥0L's BOO0 § 8000 ¢ 8OO $ 0S. % 69z & bog $  seglemiey  (MA)oS-gz AuQ Jamod sauuy Bujreacidipay
352'g Zro'e ¥oL's 8000 $ 8000 $ 800D $ 0L $ 89L & p08 & gt {mw)oc-sz Aup ramoyg saubuz Buneaoidioay
£L8'y 610's 61'G 8000 & BOOU % 6000 $ 86 § o008 & ie0') ¢ BsapoE (M) 05 - 52 dHO sauBuz funesoudipay
£L8'Y BP0°'S LBE'G B0OD $ BOOD 3 600D § ZE6 0§ 06 & (g0 $ seEMEN (M) 05 -5z dHD saufug Bunesosdivey
ELR'D 640'G £B1'S B0OD % 5000 $ 6000 § 86 § 06 § tE0t)l 4 z#  (MWios-gz dHO sauiBuz Bupesosdpoy
WN YN ¥N VN viN WN VN YN VYN $eD leIniEN (W) 05 - 62 Aug tomog SauIgin oAy
N YN wN VN Wi VN ¥N YN N Seg eimEN (MW 05 - g2 dHOD SBUIQIA L BIAlY
0856'L1 £25'a1 S02'€1 5000 § S000 § S000 $ [80°t § @it § sy $  seDmmeN (MW 0S-S5z Augiamog saujqun | sen
066'L1  £25'EL S02'EL 5000 & 5000 £ 9000 % /801 $ ZHLL 3 Siz: ¢ g# (MW ogs-¢7  Aupsamod sauicin | sex
616G orig 98g'g 8000 § 900'C ¥ 8000 § BOE'L $ se€°L ¢ Gepr & SeEg EINeN (MW 0g-52 dHD sauqun | seg
616G ovL'g 98E'g 9000 & 8000 & 8000 ¢ BOEY $ EE') § oepl & z# (MW os-g2 dHD sauqung sesg
4B6'D DHLYL 02¥'L 9100 $ 0200 $ $EO0 $ §BE'T § 69¥'E § 9l1't §  SemjemieN (MW os-g AuG 1amag sjjaD |ang
268'y 086't 002's 9100 § 0200 $ YEOO S SL1'T & VObEZ & e 4 sEE) jRIneN (M) 0'G - 53 dHO s|ja7y j2n4
Vi YN YN ¥N ¥N ¥N ¥N ¥N N weals  {pnlse-oy AUQ Jamog SBLQIN Weag
96" P §05'p Prs'y S0 § G100 $ S100 $ VeS8 pp3 g L9 ¢ SeD EIMEN (M) 52- 01 dHD QJI3Y/s8UIN ) Wealg

£L0Z 0L0Z S00Z EL0Z 0.0z S00% ELOZ 010z 500Z i 1ond4 3715 uoneyddy ABojouyoay

(Umsiinig) s1ey |eap

(UMl sisos wWeo

(m4/8} 1500 |elidesy [e0),

Abojouyas] Uojielauss palnqLs|q

Td

vopezusprieys ABojouyosa; g



S00g ‘G 1snbny — ABaug (sax

£-g
08RG0 v60°0 4800 o1'.% v2ig 0Las  vN VN YN ,125apoie (AW SZ-0'L Alug ramed sauibuz Bulaosdizay
- |000 SL0°0 Z80°0 0o'og ] it wN YN YN SED)BIIRN (M) 52 - 0'L Auo 1amed sauiBug Bunescidiasy;
laoe £80'0 §60°0 8694 028 Wit wN wN VN g4 (MW S2-01  Aupsamag sauuz Bueaoidinay
9500 8500 §80°0 aL'iy vE'L% oLes 18t LELL L") sl (M) sz -0'L dHD sawsBug Bujleacidioay
1500 pe00 290°0 00'9% £6'6 £9°78 1811 L 2393 sed) jeinleN (MW g2 -0t dHD saubuy fuesoday
550°0 €500 ¥90°0 66'9% £0¢% (1L S T TR LY LLD'L zH mwisz-ou dHD saufiuz Sunesosdioay
£8070 8900 YN 00'9% £gag 1978 wN YN ¥N SED BNIEN (M) 2071 Aug Jamay sauqIng ey
v90°0 8900 YN cogs £e'9d 1844 ggz) 60z ) - SED) BINEBN (MW} G2 -0t dHD EET e
zZ0L'o (AN} SEl'o 00'sg £e'ss 1948 wN YN VN SBG eanlEN (MW g2-0) Aug tamoy saun ) seq
SHLD 1210 orLD 66'9% L0Lg WELE VN W VN g (MW sE-0) Aug 1emag sauqing segy
£50°0 RO0'0 [ (e31} 00'9% £t 1928 gra'g 81970 8450 SeQ) fIneN (MW S'E- 0L dHD sau|qun | seg
5560 £20°0 2:E] 65°9% FiofL s 1648  8b90 819’0 8250 _ F (MWSEz-0L dHD ssugIn sen
£80'0 ¥80°0 LELO 00'0% ££'9% 192% YN VN VN Se emEN (MW 5Z-0') AuQ samad 3] [eng
LA0G £80°0 LLg o0'ed £E£'9% 1948 ocoz £00'g 028} sen) jemEN (MW SZ- 071 dHa S8 (ang
YN ¥N YN 000% 00°0% c00f wN YN YN weals  (MEIOi-g0 AD Jamog sauiqun | weals
v ¥N vN 00'9% eE'9s 192%  WN YN VN SEQ) [BINiEeN (MY O'L - 50 dHD QuBH/SBUIGIN Y, Wealg
280°0 160°0 5010 TR vT'LS orsg wN YN YN (1953poIg (M) 0'L - o0 Aup 1amog sauiBuz Bujleaoidioay
900 2eno 0010 00'9% eE9g LoL8 UM N N Sef} eiRIBN {MW) D'} - 5D AUQ 1amag sauibu3 Buyeooidicay
SH00 080°0 £01'0 66'9% 2048 1648 wN W¥N YN ’ Z#  (mMwho-g50 AuQ Jomag) saubu3 Buneacudinay
1500 £90°0 890°0 oLi% ve'i$ oL'et 92670 L1890 ELED esalpoig (M) 0’1 - 50 dHO seuiug Buyeaosdaay
2500 9500 8900 coeg £e9% l&i8  aeeo 2180 £18'0 s jeInEN (MW 0L - G0 dHD uz Bunesordioey
850'0 6500 900 66'9¢ 20745 l&2$ 9260 2190 elLao , e¥ (MW olL-g0 dHD sauBuy Bueosidioey
£80°0 2000 YN 00'9% eeag 1978 yN wN ¥N SEDBINEN (M) 0':-60  Aup Jamog sauleun] oidiy
¥O0°0 8900 Wi falig=T EE'9% 19's% egzL oozl - SEG [BINBN  (MW) O0')- 50 dHg SauqIn L oIoIy
8010 gL brLD opag ££°9¢ 1928 wN N N sef eimeN (MW O} - 50 AL semog sauftun ) sBD
zZZL0 8210 ario 66'0% 048 1628 wN YN N : z# (MW OL-5D AuQ Jsmog saulqny, sBE
£90°0 £L0'C £80°0 o0gd EE'9% 192 8650 250 EESD s2oyjlemien (M) 0L - 50 dHO saugin) seq
P00 800 88070 665'9% L0728 L6248 B850 0250 EES0 g¢ (MW OL-g0 dHD sougin| ses)
880°0 s010 ZPL0 aligst cegs 1978 WN N v s2E) [BINIBN (M) o}-50 Aup samog slla By
££0°0 0800 £21°0 00'9% £E'0% 1948 G4t 1651 £95°L SEY JEIMEN (MW} O} - 80 dHD s1e0 1eny
N YN VN cood aoe$ 000s  wN N wN , WEAlS (M) SO-Le  Aup samag SBUQIN ), Wealg
-[vn YN YN 006t 000$ co0$  WN N wN seLyeueN (MmN} G0- 10 dHO GlBy/seLqINg wes)g
£60'0 2600 (NN} gL'ig vTL% 0L8s WN VN YN 1Bsapol (MW S0- 10 Aup femagy sauBug Bugesodisay
1200 2800 9010 00°'9% ££°9% Loi$ wN ¥N YN SeG IBMIEN (MW} 5D - 170 AluQ 1amog sebug Bulleaoidjoay
18670 5800 6040 66'0% L02% 16748  WN VN ¥N 2# (mwiso- 1o A Jamog seulbuz Hugeao:divay
LS00 10D 000 arsg ve s oLes 4620 8540 £LL0 ,18sapolg (M) 50 - 1o dHO sauBug Buesaidiosy
2500 L8070 £90°'0 009t £E'9% 1948 L6840 6540 ELLD SED) J2imeN (M) S0- L0 dHD sauifiuy Bupesoidisay
£50°0 0300 6900 66'9% 1028 1628 60D 6540 e , 24 (Ml g0-10 dHd  seulfug Buneaoidioay
2400 060'0 12’0 00'9% £E'a 198 wN YN N SBO fRINEN (MW S0- 1D Aup temay SaUIIN L0IDYN
r0°0 12070 880°0 00'9% £e'0g La/8 ago) 08z’ 0Z6'0 SBOBIOEN (M) 90 - 1p dHO SBUIGIN L 0IO]
VN VN YN 0093 £9g XX YN i S BIMEN (MW} S0- 10 Alug Jamay saulgqin, seq)
Y VN VN 6693 {05 5 1628 VN ¥N YN X 2# (MWl g0-10 AuQ Jomog sauiqin| sen
YN ¥N ¥N 00°9% £E0% 128 ¥N ¥N N segeneN (MW 50- Lo dHD seulginy, seg
VN N ¥ 68°9% 0% 1648 VN L2 WN ZH# (MW so-L'D dHD Sauqing ser
9800 £03°0 orLo 00eg £e'9g 1978 YN Vi N 885 12NN (MAW) 50 - 1D Aup zamog Sli3 [Py
£L0'0 0600 £ELC 00gg £E'0% 1948 6oy £69') €95} sen [emieN (MW G'0- LD dHO S0 [end
ELOE 0102 5002 £10Z - 0L0Z 5002 gLz 010z 500z 1ang 3215 uoneyddy ABo[ouyaay

{umors) o3 (mg oneY j/3 ABojouyza) Uolelauan peNqRIsig
oIS} 1seg jand ©g paisnipy

E uonezueoeieys ABojouyoa ) 1g



5002 '5 1snfiny — ABJauz (aox

g
0/0°0 00'0 000 1328 82'e3 Sozd WN YN YN cssewolg (mMwlaol-0g | Al jomog MBN/SBUQIN ] LWea)g
0400 0.0°0 000 192 8Lz 5928 WN ¥N N Zssewolg (MW 0S-S5 AuG somag MAN[SILIQIN | LUBDIG
0400 N YN ares 202 9618 WUN i VN L ssBwolg (MIN) S2-0') Aug semoy siagyisebogr
HO0 VN N Zh'ed q0'ed 96’18 N N VN | ssewioig (M) 0°) - S0 AL 1Bmoy saanseBoig Iy
G200 2800 680°0 21zt 9083 9815 wN UN Wi 1 ssewoly (MWISD- 10 A0y Jemog sisrsefiog/m
8500 0900 L90°0 VN VYN N YN wN wN pus (MWl ool - 0§ AuQ semog sauqing pulpm
590°0 8900 2L0°0 N N N VN ¥N Vi PUM (MW OS-52 AuQ Jomoy SOUIQIRL PUIMA
EL0'D 24070 9800 vN i v N ¥ VN PUM (M) G201 Aup 1amog SBUIQINL puip
0800 o800 160°0 VN N ¥N W YN N pum (MW 0L -90 Ao temog saujgun | puip|
2600 S01°0 9Z10 N N YN YN YN N puim  {mwl so- 1o AuQ Jomog SELIQIN | PUIAA
VN ¥N ¥N 00708 00'0% 0'o$  wN WN VN Wesls (MW)00L-06  Aup somay saUqIN |, Wwealg
Sp00 00 250°0 00°9% £E'9% bIAE LD 1o LD sen eimieN (W) 0'0L - 05 dHD OJ|H/SaUIGIN | LWEBG
G100 8200 68070 9l P2 LS ores  wN viN ¥N 1@sapoig (M) 001 - 05 Aug 1emay saubug Buneaosdioay
590'0 1200 580°0 00'9% £E0¢ 1928 wN Vi N seg e (M) 001 - o' Aug 1amag sauiBuz Buyeososdioay
£20°0 L10°0 880°0 6694 L0725 1628 VN VN VN e# (mMwlool-og Augy Jemo saulfiug Bunesoidioaty
$SO0D §50°0 290°0 a1 ¥2'2% o1es  zEE'l 022’1 oLl 1Bsapog  {MN) 0°0L - 0°8 dHO
8v0°0 1500 68070 ourag ££°9% (£ WA (- | 022’1 ovL'L SED jINeN (M) 00t - 05 dHD sau;Buz Bupesoidioay
£60°0 $50°0 1800 66790% 20028 I8¢ zEe 08’1 orL'L z# (mwoot-og dHO sauifug Bunesoudpay
VN N YN 00'9% eEo% WL wN YN ¥N seg einieN (MW} 0oL - 0'g AU 18mog Saulqun | oIy
VN N YN 0c9g £E'og oz wN ¥N N seg panieN (M) 001 - 0'g dHD SBUIQIN | 0JOHY
8200 ¥80°0 zZ010 00°9% EE'0% 1928 wN YN VN SBY [RiMEN  (MIW) 0°01 - 0°G Aug 1amoy sauqIn | Sen)
$80°0 2600 5010 66°9$ s 1628 N YN N 2# (MW 00l -0g AuQ Jamoy S8lygun | ser)
0500 £50°0 £90°0 00'9% £e'os L9LE t69°0 ope0 080 SED BN (pAW) 0°0) - 0'S dHD sauqun | seg
9500 85670 $90°0 66'9% P (L5 ST ) 080 0o g# (MW oDlL-0% dH9 sauiqung seg
VN N N 0o°sd £e98 1948 wN YN YN seq [eImeN (M) 001 - 05 Aug 1emogd a0 |8ny
N YN N 00's% ££'9% 1948 wN YN N SeD RN (M) 0D - 0'G dHD slI&D 18
N YN YN 00'0% 00°0% 000 WN N N weals (MW 0'5- g2 AuQ 1amod sauiqIn | weelg
9p0'0 P00 £50°0 0'9% £E'9% 1924 0040 0010 ooL'n seg einleN (MW} 0'S - G2 dHD 0B saugIn Wesls
L2070 180°0 2600 gi'/$ ve'is 0188 wN VN N Bsapoly (MWl oG- G2 Aup temog saulBuzg Buponidoay
2800 ££0°0 880'0 0094 £E9% 19728 N YN ¥N seg mimeN (MW 05-62 AuQ Jemoy saulBuy Sunesodisay
9,00 640°0 1600 66'94 10°2% 1628 WN VN YN z# (MWos-g52 Ao semod saujfug Buyesoudosy
S50°0 8500 $90°0 al'zg ye s orss g9z 06L'L SE0°1 sapoig (MWl 05-62 dHD saurfiug Guneooididay
050'0 ¥6250°0 1900 [veRehs £E'0% 1oz s9zL Q611 S80°L segy eMIRN (MW 0'S-52 dHD saulBu3 Bugeoosdioay
5500 £50°0 £90°0 66'0% 2024 1628 ©og') 061°1 G60°L e# (MW OS-G§Z dHD sautfug Bulesodioay
N YN ¥N 00'9§ £E's% 1928 wN YN N Sep [enfeny  (MW}0G-6E  AuQ zemog SaUNGn | 0201
vN YN wN 00'9% £ES% L8 wN YN YN seo raEN  (MW) 05-62 dHD S8UIQIN L LI
1800 6800 AN 00'9% £E'9% L9248 wN ¥N YN sepemieN (MW 05 - 62 Aup ramag $9UqIN . Se0,
€oln 6010 az1'0 66'0% 208 b5 YN v ¥N g#  (mwW)os-ge Aup 1emoy sauqun ;. segy
8500 £S0°0 SL0°0 00'9% £0'94 L9728 0820 £89°0 969'0 segyemien (M) 0G- 52 dHO in |, s25)
#30°0 £90°0 L0 6694 008 L648 0220 £89°0 9690 g (MW OS-52 dHOD saugin s39
£80°0 ¥60°0 110 0054 €698 1948 WN N VN SED BINEN  (MW) 0'S- 52 AQ 18m0g) sliaD fand
€200 £80°0 23170 00'g$ £E'9% 1948 0502 000°2 0z6'1 SeD eIMEN  (MM) 0'G- 52 dHo sl|83 ongd
N YN YN 00'0% 00'03 0008 WN YN VN weals (MW} G'Z- 01 Ao 1omod saulqIn | utesig
0500 2500 850°0 00'sg ££'9% 1978 SE00 S60°0 §50°0 SEO RINEN (M} G2 - Dt dHO QlBY/SeUaIN | Wes)S

ELOZ 0Log 5002 ELOZ 0107 5007 £102 0103 S00Z i lan4 az|g uajenljddy ABoouyoa]

(umxsg) 037 {meg © oliey b3 ABolouyas) uoleiouas panmsIa
UO[IHN/S) 1500 190 O paisnipy

g uonezLe)oBIBYd ABojpouyoay g



5002 ‘5 1snfny — ABiauz jaoy
L2

[epow isifisjeng s Afsug 189 ol indu 10] v Aq s¢ 002 0) Uﬂjég dlam SBneA |BU|LLON
ABreum Jaoy Aq PBPIARIT SBNJBA [BUILLON :82IN0S

. . 197G 618 ) 5.6 0202
89°'G 662 6.9 9%'6 6102
89°S 641 289 188 8102
BY'S 09°2 98'9 81’6 o Lloe
89°'G WL 68'9 00°6 9102
89's gz'L - £6'9 z0'8 5102
¥8'§ 9z'/ 96°9 g8 7102
009 82L 669 88 £102
619 ve'L 10°2 le8 Zloz
29 eV P02 518 L102
£e'g Gl 0, 66°L 0102
P9 802 602 £as 600z
L9 9¢'2 kL 89°2 8002
98'9 12l 0kL £G°L 2002
182 L9 6vL 842 9002
19/ 9/'2 167/ 408 5002

$v002 [

(Maww / $) panddy ssougd jang

hm_\ommﬂ.u. JIo0dd 1O ANY SY9 TvHNLYN 2 XIONTddY



